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PREFACE. 



In April 1886 tne Lords of the Committee of Council on 
Education requested Dr. Eussell^ F.R.S., and Captain 
Abney, R.E., F.R.S., to carry out an exhaustive series of 
experiments on the action of light on Water Colour 
Drawings. ♦ These gentlemen having expressed their .willing- 
ness; to undertake the investigation, the sanetion of the 
Treasury was obtained to the expenditure of a small sum 
of money for the. pro vision of materials and in the payment 
of a student in the Art Training School for the preparation 
of the necessary tints. 

Shortly afterwqxds a resolution of the Royal Society of 
Painters in Water Colours was received urging '^the 
** desirability in the interests of Water Colour Painters, 
*' of the appointment of a Water Colour Painter in 
** association with Dr. Russell and Captain Abney in the 
" work of investigating the effects of light of various kinds 
" upon Water Colour pigments." 

Thereupon their Lordships of the Committee •of Council 
passed the following minute, dated 12th June 1886 : — 

*' Seeing the interest that the question of the action of 
light on Paintings in Water Colours has excited, and the 
great importance of that question to Artists in this country ; 
it appears to my Lords desirable that there should be a 
representative Committee of Artists appointed to consider 
the matter from the Art point of view. Request the Royal 
Society of Painters in Water Colours and the Royal 
Institute of Water Colour Painters each to name two 
representatives to serve on a Comjnittee, which Committee 
my Lords will themselves invite some other distinguished 
painters to join. 

*' Request Dr. Russell and Captain Abney, who have 
abeady undertaken to investigate as a scientific question 
the action of light on the various pigments used in painting, 
to inform the Committee of the method and nature of their 
inquiry. 

** When the Committee have this information before them 

they will be in a position to judge whether there are any 

further points they would desire to suggest for investigation 

^ to Dr. Russell and Captain Abney or whether th^ro is any 
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investigation wluch the Committee would themselves wish 
to carry out.'* 

The Committee thus appointed consisted of: — 

Sir F. Leighton, Bart., P.RA., Chairman^ 
Mr. L. Alma Tadema, B.A. 

Mr. T. Armstrong. - 

Mr. Sidney Colvin, 
Mr. Frank Dillon- 
Mr. Carl Haag. 
Sir James D. Linton* 
Mr. E. J. Poynter, R.A. 
Mr. Henry Wallis. 
Mr. Arthur Torrens, Secretary. 

This Committee have held four meetings, and Dr. Bussell 
and Captain Abney have had numerous communications 
with individual members, from whom, they received valuable 
information on the subject of their inquiry. 

Their first report, now presented, and dealing with » the 
physical effects of light on water colours — ^the investigation 
into the nature of the chemicaL changes involved being 
deferred to a second report — was carefully considered by 
the Committee of Artists, who unanimously adopted a 
resolution, which was communicated to my Lordsy that the 
Committee accepted the first report, and desired to record 
their sense of its very great value and of the thoroughness 
and ability with which so laborious an inquiry had been 
conducted. And further that they were of opinion that it 
would be of great advantage if the experimental research, 
which Dr. Russell and Captain Abney have been conducting 
into the action of light on water colours, were extended to 
its action on colours when used with oil and other media. 

By Order, 

J. F. D. DONNELLY. 

Science and Art Department, 
30th June 1888. 



FIRST REPORT 

BY 

DR. W- J. RUSSELL, F.R.S., 

AND 

OAPT. W. DE W. ABNET, O.B., R.E., F.R.S. 



Part I. — Intboduction. 



I. An Inyestigation of the cause of the fading of colours Division of 
naturally divides itself into at least three parts. First, the '^«««'«**«- 
nature of the optical changes ; second, the nature of the chemi- ^ 

cal changes ; and third, the causes which initiate and accelerate 
these changes. To carry out such an investigation necessarily 
requires much time, many of the changes, more especially the 
chemical ones, can only be brought about by brflliant sun- 
light, acting for a considerable length of time. We have 
therefore divided our report into two sections, the first of 
which we now present. In it we have confined ourselves to 
the first division of our subject, the nature of the optical 
changes, and in some measure to the last division, reserving 
for our supplementary report a description of the results 
obtained in the second division. From the experiments 
described in this report certain obvious conclusions can be 
drawn, and these we shall indicate in due course. 

II. Before giving our results we have thought it advisable Nature of 
to make a few preliminary remarks on the optical properties ^*^^''' 
of pigments and the different characters of light to which 

they may be exposed. Colours are popularly talked of as 
greens, blues, reds, &c., and to these distinctive appellations 
are added by artists. Thus they talk of emerald green, 
cobalt blue, Venetian red, &c. Though to some extent to 
the trained eye an idea is thus given of the hue and 
luminosity of the colour, yet to the scientific experimentalist, 
the definitions of colours require supplementing, and in esti- 
mating any change which may take place in them an exact 
quantitative value of each is a desideratum. As to why 
a pigment is coloured science has hitherto not furnished a 
satisfactory answer, nor for the inquiry which we have 
undertaken is it at all necessary that an answer should be 
given. The question, however, as to how a pigment pro- 
^ duces the impression of colour is one which can be answered. 
Colour is due to the selective action of the pigment, or stain, 
on light. That is to say, the rays of certain wave lengths 
(or colours) are transmitted and reflected by each pigment, 
or stain, in a more or less perfect manner and the others 

A 2 



are absorbed. The transmitted and reflected rays will be 

shown CO be identical — except in certain cases which it is 

unnecessary to consider here — and it is to these that the 

colour of the pigment is due. 

Colour of III. If we decompose a thin slice of white light into its 

pigments illu' component colours by means of a prism we get what 

Twt^m^ ^^ ^® known as the spectrum, and if we allow this variegated 

band to fall on a white surface, such as white card or 
a surface of zinc oxide or barium sulphate^ that surface 
becomes luminous where the colours fall, and they are 
presented to the eye with the greatest brilliancy possible. 
If, however, for the white surface we substitute a 
surface covered with some coloured pigment we at once 
perceive a difference. That which is generally supposed 
to be the colour of the pigment is lost and we have a 
stripe of the surface illuminated with the different rays 
of the spectrum, but iheir different colours are presented 
to the eye with their brilliancy unequally reduced. Probably 
no one coloured ray is reflected with the same brilliancy 
as it was from the white surface, and a large part of the 
spectrum is very much dimmed. In other words the pig- 
ment does not reflect any component of white light with 
the same intensity as does the white surface. If by proper 
means we collect the different coloured rays of the spectrum 
reflected from the coloured surface, and recombine them, we 
get back again the colour of pigment. If we measure the 
brightness of each colour reflected from the pigment in terms 
of the brightness of the same colours reflected from white 
paper, we have a quantitative measure of the light reflected 
from the pigment, such light being that by which the pig- 
ment produces the impression of colour. Thus, if we 
measure the light reflected from cobalt blue in the various 
parts of the spectrum, we may produce the colour of cobalt 
on white paper by reducing in proper proportions the 
different ravs of the spectrum formed by white light, and 
then recomoining them. The colour of a pigment, we may 
say, is dependent on the amount of the components of white 
light which it reflects back to the eye. 

Further it will be seen that no matter what the source 
of light may be, — whether the yellowish-white light of gas, 
tlie purer white of the electric arc light, or of the sun, or the 
bluer white light from the sky, — the comparative measures 
of the brightnesses of the different colours reflected from 
the two surfaces will always be the same. Thus, if the 
spectrum formed by gaslight be used, and the brightnesses 
of the different parts of tne spectrum reflected from a white 
surface and from a coloured surface be compared, the com- 
parative values of the different rays thus obtained will be the 
same as if the source of light had been the sun. To 3ee wl^ft^ 



will be the colour of a pigment by gaslight^ the rays of the 
spectrum of gaslight must be reduced in the proper propor- 
tion found for the particular pigment, and be again re- 
combined, and this will give the colour of the pigment seen 
by gaslight. In the same way, if the spectrum be formed 
by sunlight, the different parts of that spectrum must be 
reduced in exactly the same proportion, and the recombined 
spectrum will give the colour of the pigment as it would 
be seen in sunlight. Careful measurements of tho various 
simple and mixed water colours which are usually employed 
by artists have been made and are given in Part III. The 
source of light employed was the electric arc light, and the 
relative intensities of the different coloured rays were 
measured by a method' which one of us with Major-General 
Festing, F.R.S.,has described in a paper recently read before 
the Ecyal Society. 

IV We will now trace the sequence of phenomena whicli Production of 
happen when white light falls on a coloured surface. ^^ ^^^' 
Colours may be divided into two classes, those which are 
insoluble and those which are soluble in water. Many of 
the soluble colouring matters are precipitated as lakes, 
and the same arguments hold good for these as for 
the solid pigments. In the case of an insoluble pigment 
a ray of white light falls on one of the particles, but 
only some components of the light can pass through it, 
and it emerges after its passage as coloured. This strikes 
the next particle and part is reflected back, reaching 
the eye as coloured light, but part penetrates through 
the next particle. This in its turn is partly reflected 
back and partly transmitted, and so on. At the same time, 
however, a certain amount of white light is reflected from 
the surface of the particles and mixes with the coloured light 
which has passed through one or more particles. Hence 
the (Jolour of a pigment always contains a certain per-centage 
of white light, together with the coloured light. Thus the 
colour of Prussian blue is principally due to the transmission 
through the particles of a, large proportion of the violet 
blue and blue-green rays, together with a small quantity 
of white light reflected from the surface of the particles 
to which the original light falling on it had direct access. 
It may be remarked thcit when thin washes of these colours 
are washed over white paper the number of coloured particles 
are comparatively few, and that the white paper reflects 
relatively more white light to the eye. A microscopic 
examination of such a surface reveals this fact in a very 
interesting manner. The colour is therefore less intense 
in hue, and whiter. The nearest approach to the real colour 
of a water-colour pigment is seen when a mass of the moist 
colour is on the pallette, the white light reflected being 



then at its minimum. The same argument applies to those 
colours which are soluble, and which, consequently, we may 
take to be continuous. The light which penetrates such 
a colour will be of the same hue as uiat reflected to 
the eye from the pi^r. The white light passes through 
the stain, loses certam portions of the original spectrum 
colours, ia reflected from the white paper beneath, and is 
once more Iranamitted through the colour, reaching the eye 
as a coloured light. Thus the colour of the carmine (cochi- 
neal) is due to the transmission by the dye of most of the 
red and a good deal of the blue of the spectrum of white 
light. The etfect of mixing a white with a coloured pigment 
b to cause more white light to be reflected, and thus to give 
a pale and less transpareiit appearance to the colour. 
Identity of ihe V. It may be of mterest to compare the l^ht reflected 
l^ii refiected from colouTs with that transmitted by them. The following 
u^^amitted ha "^'agram will give the results of two such colours, Frussiaa 
pigmenia, blue and Carmine^ 

Fig. I. 



Curve I, is the light reflected fixjm^R-ussian blue after 
deducting white light. 

Curve II. is the light transmitted through Pras^n blue, 
„ III. n i-eflected from Cannine. 

» IV, „ transmitted through CWmine. 



In the Prussian blue the reflected and transmitted light 
^e very nearly identical, but in the Carmine the transmitted 
light was less than the reflected. The small difference in 
the first case and the larger difference in the second is due 
to the fact that the depth of colour in the reflected and 
transmitted lights was not equal. 

VI. In the analysis of white light by the prism we have The dark ray a 
only so far mentioned those radiations which are visible, and and the energy 
which are called *' light.'' These have been considered first, ^f ^^^ 'P^^' 

as it is these alone from which a pigment derives its colour. "*' 
But there are other radiations which coexist with the visible 
radiations, and though invisible to the eye may have to be 
taken into account. Of these invisible radiations some lie 
beyond, or, as it is generally termed, below the red in the 
spectrum, and some beyona, or above the violet. Those 
which are below the red^ and have a longer wave length, 
experiment has shown to possess more energy or capacity 
of doing work than all the radiation ("light") above 
the red. What that work may be we shall touch upon 
briefly later on. It would be beyond the scope of this 
introduction to show how the comparative energies of the 
radiations^ visible and invisiblej formmg the spectrum can be 
measured. It will suffice to say that by allowing the 
different parts of the spectrum (light and dark) to fall on 
an undccomposable substance (lamp black) which can absorb 
them all (or very nearly all), the measurement by thermo- 
electric means of the rise in temperature of the lamp 
black produced by the dififerent parts Qf the spectKum gives 
a comparative measure of the energy of radiation of these 
parts. It must be remembered that the energy of the slice 
of white Jight decomposed by the prism, and which includes 
the invisible radiations, is the sum of all the energies of 
the different radiations of the spectrum. 

Figure II. shows the comparative energies at different parts 
of the spectrum of sunlight, the electric (arc) light, and an 
incandescent light which is the same as that of gaslight. 
The heights of the curves denote the energies at different 
points of the spectrum produced by means of a prism. 

VII. Figure III. gives the luminosity of the different rays Luminosity 
of the spectrum of sunlight on a day in July, of the electric ^^ «««2? ^^ 
%ht, and of gaslight The ordinates or heights of the ^'^ ^^^«- 
curves show the comparative brightness to the eye of the 

light at the different parts of the spectrum. 



Fig. n. 



VIOLET BLUE CHE EN YELLOW 



In Figure IV. we have shown the portion of the energy 
curve of the electric (arc) light of the visible part of tne 
apectrum together with ita luminoaily curve, and it needa but 
a glance to show that the brightnesa of the visible spectrum 
bears no eort of relation to its energy. The brightest part 
of the visible spectrum is in the yellow ; whilst, as before 
said, the point of maximnm energy is just beiow the red. 
Had we used the luminosity and energy curves of any other 
source of radiation we should have an-ived at exactly the 
snme result. 

Fig. IV. 



YELLOW OHAHGE REO 



. VHI. Xiie dark rays when falling on a pigment behave in Reflection of 
exactly the same manner as those which are visible ; some '' ™^'' 
disappear, and others are tranamitted, and though they 
give no colour to the pigment (it would appear of the same 
colour if theywere excluded) are just as much in the reflected 
light as those rays which are visible. We have shown that 
the light which is transmitted Ihrougli a pigment is of the 
same general character as that reflected, and the saihe hold's 
good for the dark rays. Fig. V. will give an idea of (he total 
rays which are transmitted and reflected by Prussian blue 
and carmine as measured, not by their brightness, but hy 
tlxeir energies, using the method indicated in Fig. VI. The 
top curve shows the energy of the original light, nnd the 
ditference in heights between this curve and the two inner- 
curves will give the energies of the rays reflected from the 
two pigments. 
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Fig. V. 



VIOLET BLUE CftEEN OKAHeE PED DAttK 

It will be seen on comparing the two innerniosi with 
the outer curve that in the Prussian blue there are very few 
rays in the red, yellow, and green, which are transmitted 
and consequently reflected, but that in the dark rays we 
again bitve a transmission of radiation. In the case of 
carmine more of the red is transmitted and leas of the dark 
rays. 

The energy existing in the invisible region beyond the 
violet is very small, but since all radiation consists of a wave 
motion in what physicists have called the ether, it may 
happen, and does indeed happen, that the wave period of 
this portion of the spectrum is of such a nature as to cause 
a destructive vibratory motion on tlie atoms of the molecules 
of the pigment on which the light falls. It is necessary, 
therefore, to take this action into consideration. 

We are now in a position to see that all radiation, visible 
and invisible, is not reflected or transmitted through the 
various pigments, and the question arises ae to what has 
become o£ the rays which are apparently lost. The radiation 



n 

whioh is not reflected from the colouring matter has dis- 
appeared in passing through it ; in other words the pigment 
has absorbed certain of the radiations visible and invisible, 
and with very close approximation to the truth it may be said 
that the rays absorbed are complementary to those reflected. 
Hence in Prussian blue (see Fig. I. & V.) the rays absorbed are 
principally in the dark part of the spectrum, and in the red 
and yellow, and partly, but in a minor degree, in the green, 
blue, and violet. Similarly in carmine, the rays absorbed 
are principally in the dark part, the yellow, and the green, 
of the spectrum, and less in the blue and violet of the 
spectrum. 

IX. Now it is a received axiom in physical science that in Absorption 
any bpdy which absorbs radiation the energy so disappearing o"*' " work:' 
performs work of some kind in that body. The work so 
done is a raising the temperature of the body, a chemical 
decomposition of the body, or a re-arrangement of its 
moleciUar condition, as for instance in the iodide of mercury. 
Each kind of work may be done at the same time, but the 
energy which is expended on one form, cannot be. again 
expended on another form, of work. On elements such as 
carbon, gold, &c., the work done only raises the temperature 
of the body above that of the surrounding objects, but in 
chemical compounds, such as nearly all the pigments in 
use are, there may be besides a chemical decomposition. 
The chemical decomposition of a colour means a fading or 
an alteration in its colour, but the raising of its temperature 
to the small degree which the visible (light), or invisible, 
radiation to which it is ordinarily exposed can effect, does 
not alter its composition or colour. That the temperature 
above that of the surrounding objects to which a colour can 
be raised, even by sunlight, when freely exposed^ is small 
is not only shown by theoretical reasoning, but by direct 
experiment. In the case of a wash of water-colour, the 
particles on which the radiation falls are very small, and they 
consequently have a large surface compared with their 
volume. As the rapidity of loss of temperature in equal 
volumes under the same conditions is in the ratio of the 
radiating area, it follows that the loss of temperature by 
radiation in the small mass is very nearly equal to its 
gain. In other words there is an equilibrium of tempera- 
ture established which is but very little higher than the 
temperature of surrounding objects. WTien chemical decom- 
position takes place by light, however, the results are different. 
The decomposition once effected remains, and the quantity 
of the matter decomposed increases with the length of 
exposure. The outside of the particles is first acted upon, 
and then gradually (as light continues to act) the inner 
portions are decomposed, until finally the whole particle is 
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in a body. 



changed. Evidently those colours^ the effect of light on 
which is to bleach thexn^ are the most rapidly acted upon. 
Again^ too^ the large area of the surface of particles^ as in a 
water-colour, compared with their small volume, is favour- 
able for the rapid effect of the action of light in altering 
their composition. 

As work depends upon absorption, it is important to 
remember that when the radiation (light) is decomposed 
into its prismatic components it is only those rays of the 
spectrum which are absorbed that can do this work. Thus, 
if a pigment only absorbs in the red, it is only the red 
rays which can do work and no others, and so on. 
Estimation of X. In estimating the chemical action effected on a body by 
chemical action radiation there are thus two factors which have to be taken 

into account, viz., the intensity of the radiation acting, and 
the time during which it acts. To obtain the same amount of 
action in two cases the product of these two amounts must 
be the same. Thus if a certain tint be exposed to an 
intensity of radiation which we will call 100 and bleaches 
it in, say, one hour, then if a similar tint be exposed to an 
intensity 1, it will require 100 hours' exposure to it to effect 
the same bleaching. This has been fully proved by experi- 
ment There is an idea abroad that if the light be very feeble 
a bleachable colour, no matter what length of exposure be 
given, will not fade. This, however, is not the case. The 
same proportion of the total energy absorbed by the body 
which, with an intense radiation, effects chemical decom- 
position, is expended with a feeble radiation in doing the 
same kind of work. To appreciate this we may very briefly 
allude to what the deductions from scientific experiment 
lead us to believe to be the manner in which light acts 
on the molecules of which a body is composed. 

Xr. In a compound body, the molecules must at the very 
least consist of two ultimate atoms, and these oscillate to and 
fro from one another, each atom having its own constant time 
of completing an oscillation, the molecule itself oscillating 
in a period of its own. It need scarcely be said that the time 
of these oscillations is not to be measured even by millionths 
of a second, nor the extent of the oscillation by the millionths 
of an inch, but by standards very far smaller. A ray of 
light of any pure colour is due to a continuous series of 
oscillations or waves of a known and measurable length in 
the physicists' ** ether " which we have already mentioned. 
If it happens that the time of oscillation of some '* light" wave 
agrees with the time of oscillation of one of the atoms, the 
length of swing of the oscillation of this last is increased with 
each beat of the ether, till, if the number of beats of the ether 
be sufficiently numerous — that is if the light be allowed to 
play upon the molecule long enough — ^the length of its swing 



Action of 
** light ** ivaves 
on atoms and 
molecules. 
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is increased till finally the atom will swing off from the 
molecule, thus changing its composition. This liberated atom 
may join itself to the molecule of some other matter which 
may be present, such as oxygen or water. The amount of 
increased swing the waves of light can give the atom depends 
on the amplitude of the waves (the amplitude in a wave in 
the sea is the height from trough to crest), the square of 
which is a measure of their energy as it is of the intensity 
of the light. To take a very familiar example, suppose we 
have a heavy church bell hung without any friction on its 
supports^ and without any resistance to its motion, and that 
when vibrating freely, it would make a complete swing once 
in a second. Suppose to the end of the bell rope was attached 
a small horizontal plate, and that at intervals of a second 1^000 
grains weight of water fell from a fixed height on to the plate^ 
the bell would gradually oscillate, and finally the oscillations 
would become so great that it would ring. If instead of 
1,000 grains falling from the same height we had one grain of 
water falling every second it would take 1,000 times longer 
before the bell rung, and if it was -nnnr ^^ * grain of water 
that fell every second it would take 1,000,000 times as long 
before it rang. The work done by the dropping water may 
be looked upon as the work done by the ampUtude of the 
wave, and the church bell as the atom, moving without 
friction and without resistance. 

XII. It will also be noticed that it is only those rays whose Chemical 
waves beat in unison with the oscillation of the atom which fcthnmay 
increase the swing of the atom. The wave motion is then /^c eye. 
destroyed, and that particular ray disappears, i.e. is absorbed. 
It must be recollected that the visibility of any change effected 
on a body merely means the number of molecules altered. 
In feeble light the numbers altered in a given time are 
much fewer than when light is intense. We have a good 
instance of this in a photographic plate, where the effect 
of the exposure for Trnf.TJinr ^^ * second to sunlight oh 
a salt of silver is invisible to the eye, whilst a second's 
exposure is rendered visible. We know, however, that 
nn^TTCTT ^^ ^ second's exposure to sunlight has chemically 
altered some minute portion of the silver salt on which it 
fell, as what -is termed development proves it. Again, 
we have a further definite proof in the case of certain 
colours that the smallest intensity of radiation if sufficiently 
prolonged effect^ a chemical change in them. In photographic 
processes the chloride of silver is only sensitive, roughly 
speaking, to the extreme violet of the visible spectrum. 
When any one of certain colours which are fugitive are 
applied to stain the silver chloride, and the part of the 
spectrum which the colour absorbs is below the violet, then 
after exposure in the spectrum on applying a developer, as it 
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is called in photography^ the action of the spectrum in decom- 
posing the colour of the dye is shown by a deposit of silver 
taking place in that part which the colour absorbs. Thus^ if 
carmine (cochineal) be applied to the chloride of sUver an 
action will be shown to take place in the green where the 
colour^ as will be seen^ absorbs. It must be remembered 
that without that colour no such deposit would be possible. 
The spectrum of suolight will cause this phenomenon to 
appear in a few seconds^ and the spectrum of skylight, or 
of candlelight will equally cause it if the exposure is pro- 
longed. That is to say a feeble radiation (light), if sufficiently 
prolonged, will give the same effect as a radiation (light) 
which is several thousand times as intense. And it further 
demonstrates that chemical decomposition takes place in a 
colour long before such change is visible to the eye. 

The heating effect on a body may be taken to be an 
increase in the amplitude in the oscillations of the molecules 
rather than of the atoms (though the two are closely con- 
nected)^ pointing to the fact that the shorter wave-lengths 
which have a greater rapidity of oscillation are those which 
would be most likely to increase the amplitude of the 
oscillations of the atom^ and thus to produce a cnemical change 
in the body. We shall see further on that this the case. 
Light to which XIIL As to the light to which pigments in water-colour 
arc ftrpoacrf!^* drawings are ordinarily exposed in a room, a few remarks must 

be made. There is no doubt that pictures are, as a rule, care- 
fully protected from direct sunlight, but it is nevertheless 
true that the greater portion of the light they receive is 
reflected sunlight. On a bright day clouds reflect sunlight, 
and on a dull day the principal part of the diffused light is 
also sunlight which is reflected according to the laws of 
geometrical optics from particle to particle, a certain per- 
centage eventually reaching the earth through the clouds. 
There is of course also a fair proportion of the light due 
to the sky, and this light is bluer than reflected or diffused 
and weakened sunlight. In cases where the windows of a 
gallery are in the vertical walls and have an uninterrupted 
view of the horizon, the blue light reflected is compara* 
tively small, the light near the hoiizon being distinctly more 
like sunlight than is that nearer the zenith. In galleries 
lighted like those at South Kensington by skylights the 
light to which pictures are subjected is on the whole bluer. 
The artificial lights to which water colours are exposed are 
gaslight, the arc, and incandescence electric lights, and as 
we shall see presently the first and last are very deficient in 
blue rays. 
Choice of light XIV. In Conducting our experiments it became necessary 
for experimen- to choose the light which would most readily adapt itself to 
tal work. giving a clue as to which colours were affected by exposure in 
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a time which would be measured by months instead of bj years. 
A carefal consideration led us deliberately to avail ourselves 
of as much sunlight as we could secure in this rather sunless 
climate of ours, together with the diffiised and sky light, 
when sunshine was absent, which would act less ener- 
getically. We are aware that writers have expressed 
themselves as disinclined to accept deductions as to the 
fading of pigments when exposed to this bright light of 
the sun, but they have, as far as we are aware, never given any 
serious reasons for their disinclination. Their arguments 
have usually been based upon their own convictions rather 
than on experimental proof of any kind, or if experimental 
proof has been quoted from other writers, half the truth or 
more is most frequently and probably unwittingly concealed. 
Probably, however, they express what is in the minds of 
many, so we shall enter somewhat fully into the arguments 
which decided us to adopt the step we did. 

XV. To the eye the hue of the lights mentioned above Cause of the 
undoubtedly differ considerably, and unless the cause of the difference in 
difference had been tracked out experimentallv« and with ^ ."^ ^f. , , 

witic ^M^ axx wc i^ av. c vuu ^ ^k. xixxc va^ j, a. i J VanOUS lights , 

scientific exactness, it would nave been unwise to have chosen 
out any one of them with which to conduct experiments, 
since the results obtained with it might not be applicable to 
any other. Happily, however, for such workj the spectro- 
scopic analysis of light furnishes irrefutable evidence that 
from the results obtained from exposure to one light, 
correct deductions may be made as to what would happen 
were the exposure made to another. If, by a prism, we 
analyse all the different kinds of light mentioned above, 
we find that in the visible spectra so obtained no colour is 
absent,* but if we compare the intensity of the same colours 
in the different spectra we find that there is a variation., 
For example, if we compare the spectrum of sunlight at 
mid-days in May with gaslight we find that there is 
considerable less violet, blue, green, and yellow light in the 
latter than in the former, and in light from a blue sky 
considerably less red and yellow. The following diagram 
shows the proportions in each colour. 



* We are not here taking into account the Fraunhofer lines, which in sum 
light and sky light are present Even in these there if diminished radiation 
present. 



Fig. VI. 



The intenBitieB of the epectrum colours of BUnlight near 
mid-day ia May are not very different from those of the 
electric (arc) light, whilst the intensities of the colours of 
the incandeacence electric light when rendered normally 
incandescent are a very clotie approximation to those of gas- 
light. The above diagram indicatee in a striking manner 
that the light of the gas and therefore of the incandescence 
electric lamp, is yellower than that of sunlight, and therefore 
of the electric (arc) light, owing to the increasing diminution 
o£ comparative intensity of tiie colours from red to violet, 
whilst the light from the sky is considerably bluer than that 
from the sun. One of ns has shown recently how by cutting 
off from the electric arc light (or from siuilight of known 
composition) the proper proportions of the different spectrnm 
colours, the exact hue of gaslight or skylight can be 
produced. 

The difference in hue of the light from any of the sources 
we have been considering we may repeat is due to an 
excess or defect, but not to a total absence of intensity of 
the different parts of the spectrum. As regards the dark 
rays of the speetrum the same argument holds good. 
Fig. II. will enable a judgment to be formed of the 
different proportions of dark rays in sunlight, the arc light 
and gaslight. In light from the blue sky the proportion 



17 

of dark rays is much smaller, and no very accurate measure- 
ment of their intensity has been made, but as it will shortly 
be shown that the rays below the red do not cause chemical 
change in any of the pigments we have tried, this want of 
accurate knowledge is of no great moment in the present 
instance. 

XVI. Since, then, all sources of light emit the same rays, Remits from 
but of different intensities, which can be measured, it follows one source of 
that if we know which rays are chemically active, and the appiieTto ^ 
amount of work which, when of a certain intensity, they another souree 
perform, we can, from the work done by the light from one 9f^*9^^^ 
source, deduce the work that would be done by another. 

The most perfect manner of noting the action of light would 
be to expose for a given time the pigments to the action 
of the spectrum formed by an unvarying source of light, 
and to measure the amount of chemical action (fading of the 
colour in most cases) which had taken place in every part 
of the spectrum. When the relative intensities of the 
different parts of the spectra from other sources of light 
compared with this standard spectrum were known, then the 
length of time during which it would be necessary to 
expose the colour to any one of them to produce that 
same total effect could be calculated. Unfortunately for our 
experiments, even in full sunlight, which is the most 
powerful light we can work with, months are often required 
to effect a visible chemical action on some of the pigments ; 
it was therefore useless to take a narrow slice of light, 
say -^ inch in width, and ^ inch in height, and form a 
spectrum with it on a surface of coloured paper four inches 
in width and one-half inch in height, and wait to see when 
the bleaching took place. 

XVII. To avoid this impracticable method resort was had U^se of coloured 
to the use of coloured glasses to ascertain the part of the spec- ^^'^^JZf^^ 
trum which was most active in producing the fading action. 

The glasses used were red, green, and blue. It may be 
well here to say something regarding what is meant by the 
terms red, green, blue, &c. as applied to glasses. It is a 
very popular idea that light coming through coloured glass 
is really white light, which is in some way transmuted into 
red, green, blue, &c., as the case may be. There is no 
transmutation. The effect of colour is merely produced by 
the abstraction of certain rays, or of a proportion of them, 
from the white light by the material of which the glass 
itself is composed. The following diagram shows the 
different parts of the spectrum, and the intensities of the 
rays which the above glasses transmitted, taking the spec- 
trum colours of white light as unity throughout 
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Fig. VII. 



The ditferenc© beiween the heighta of tlie three curves 
and the line which would occupy a horizontal positdon at 
100 on the vertical scale had the diagram been contiDued 
up and which represents the intensity (n the different colours 
forming the original white light before passing through the 
glasses will give the amount of the different rays cut oft. 
A table of these curveid will be found in Part III. 

Practically the visible spectrum was divided into three 
parts, and a reference to the table of colours will show that 
in every case where any fading took place it was always 
found beneath the blue glass, very much less often and to 
a far less degree under the green, and only twice under 
ijie red glass, and was then barely perceptible. The blue 
glass also allows most of the dark rays beyond the violet to 
be transmitted. Experiment has shown that these rays are 
chemically active, but not to the same degree as those which 
are visibly transmitted through the blue glass. This might 
be expected aa their enei^y or capacity of doing work is 
for less. 
Proportion XVIII. The following diagram will show the proportion 

%^''a^ of dark rays which pass through the different glasses. 
^tnmgh the 
eehured 



Fig. Till. 
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They are nearly entirely tiaQsmitted throtu;h the red glaes, 
very slightly through the blue and green gkeses. Had the 
fading of the colours we have examined been due to the 
dark rays, it ought to have been shown beneath the red 
glass far more than under the green or the blue glass. This 
was not the ca£e, as a reference to Table VIIL will show. 
We may therefore say that the bine, violet, and ultra violet 
rays are those which are by far the most active in 
producing a ohange in the pigments with which we have 
expei^ented. 

As the intensity of the difiereot rays of the spectrum 
coming from the diderent sources of light have been 
measured, it follows that the total intensity of the rays from 
each source of light transmitted through the blue glass can 
be calculated. We may take these total intensities as a 
very close approximation to an inverse measure of the lime 
to which the colours would have to be exposed to produce 
an equal result as regards fading. 

B 2 



20 



Joint effect of 
heat and light. 



Deductions 
made from 
the cut that 
chemical 
changes take 
place in the 
blue rays. 



XIX. It might very properly be objected that although it 
has been shown that the dark rays do not affect chemical de- 
composition, it has not been proved that the heating effect they 
have on a pigment might not aid the rapidity with which 
the decomposition takes place. Direct experiments were 
undertaken with this object in view. The backs of papers 
coloured with pigments which we have proved to be fugitive 
were placed in contact with a tin containing boiling water 
and exposed to light, together with similar papers merely 
rec-ting against wood. Some few of those colours which are 
affected by heat without light in an atmosphere saturated 
with moisture, see page 28, did fade with very slightly greater 
rapidity where exposed as above, but with the majority the 
rate of change was, if anything, slower. Further experiment 
has also shown tliat if the dark rays be cut off from sunlight fay 
proper means the rate of fading in colours freely exposed: 
is not diminished. In our experiments in the open tabes 
which will be described presently, the temperature was only 
a very few degrees higher than the temperature of outside 
atmosphere, and therefore the experiment made by heating 
the pigmented paper by contact with a vessel at the tempera- 
ture of boiling water was an extreme example of the effect 
of heat. A reference to the results of experiments shows 
that damp is often si factor in the rapidity of fading, and as 
heat tends to lessen the moisture present in the paper and 
pigment, it might be expected that in the majority of cases 
fading would result more slowly when the pigment was 
heated whether by radiation or by heat applied as above. 

XX. That fading should principally take place in the blue 
rays was to be expected, from experiments that have been 
conducted with other objects, and is of great practical 
importance. We have already stated that it is only those parts 
of the spectrum which are absorbed by a colour that can 
do work on it. Of all colours, the reds, yellows, and greens 
absorb principally in the blue part of the spectrum (see 
diagrams of colours), and the blues much less. Hence we 
may expect that the former pigments would fade more 
rapidly than the latter if they are fugitive. And what is 
more important, it locates the action of the spectrum to the 
region which is least luminous, and which varies enormously 
in the different kinds of light to which pigments are exposed. 
Of the different kinds of daylight, viz., sunlight and sky- 
light, to which water-colours are exposed, sunlight is the 
safest when reduced to equal intensity, since it contains a 
far less proportion of blue light than does skylight. 



Fig. IX. shows the lumioosity of each part of tbe 
Bpectrum for skylight, sunlight, and gaslight, derived from 
Fig. VL. when the total illuminating effects of each to the 
eye are equal. The relative energies (capacities for doiog 
worl<) of the light which is transmitted hy biue glass in 
three cases are : blue skylight, 112'0 ; sunlight, 57'5; gas- 
light, 5*7, or very nearly in the projxinlons of 20, 10, and 1. 

XXL We may now consider the Amount of exposure given DnratioH of 
to our pigments, and thence deduce, within limits^ the time '*.« exposure 
that would be taken to produce a similar effect in the light ff^"*".'" ™ 
to which they would ordinarily be exposed. Between the 
middle of May to the middle of August, thiit is, from the 
time when the exposures were first made to the time when 
the first series of readings were mside, there was registered 
nt Kcw Observatory 705 hours of bright sunshine, and at 
Greenwich 632. We may therefore take it that there were 
about 675 hours of the same bright sunshine at the place in 
which our colours were exposed. Not only, however, did 
they receive this sunshine, but altio the light from the sky. 
The total number of hours of effective dajTight which they 
received in the same time was about 1,700 hours. We can 
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make a very fair comparison between sunlight and skylight 
from the results obtained by experiment When the sun is 
bright, we may take it that the sky is not overcast, but is 
fairly clear, and if, by photometry, we may measure the 
brightness of the total light from the sky and of sunlight, 
and of tlie skylight separately when illuminating a surface 
placed vertically and facing the direction towards ^hich 
the papers were exposed, we can calculate the ratio of the 
brightness of sunlight and skylight. It would be manifestly 
of little use to take measures of the whole of the components 
of the light, for we have shown that if we take a unit of 
light of blue sky and a unit of sunlight, we have much 
more blue light in the former than in the latter. And, as it 
is the blue rays that we have shown to be effective in acting 
on those pigments which do fade, the photometry had to 
be confined to these rays alone. The average intensity of 
the blue rays in direct sunlight, {i.e,^ with the receiving sur- 
face held normally to the direction of the sun's rays, is 
attained very nearly at 3*30, thus in the middle of August 
it is about *63 of that of the maximum. In the case of our 
tubes, however, the pigments were not exposed so that the 
surface was normal to the direction of the sun's rays ; but 
always with the surface vertical. As they were cylmdrical, 
it might, at first sight, have appeared to be a matter of some 
diflSculty to say whether the photometric measurements should 
be made with a vertical surface facing east, south, or west. A 
reference to the tubes themselves, however, solved the ques- 
tion, as it was found that the greatest fading took place in 
that part of the paper which was parallel to the building 
against which the tubes were hung, and it was this direction 
in which the surface of the photometer to be illummated 
was placed. The conditions of exposure required that the 
effect should also take into account the reflection from the 
glass, and this was duly attended to. As a result, it was 
found that though the illumination by the sun near mid«day 
of a vertical sui^e facing 20^ east of south was on an average 
nearly 4'5 times more intense in blue light than was the sky, 
yet there was a steady diminution in the ratio after about 
three hours on each side of when the maximum was attained ; 
owing to the greater inclination the paper had to the solar 
rays and also to the increased reflection from the glass from the 
same cause. A table of the vertical intensity of sunlight 
at different times of the year will be found in Part III. 
It may be fairly taken that the average intensity of the 
blue of sunlight throughout the day is dose upon 2*75 
that of the average light from the sky. Although the sun, 
soon after its rising, shone upon the pigments, yet at about 
3.30 in the afternoon they were shaded from the sunlight, and 
this reduces the number of hours' sun which they received to 
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about 500 haur& The above average value of sunlight to 
skylight was taken with a knowledge of this fact. 

XXIL We thus arrive at the conclusioH that when the sun DuraHonofex' 
was shining for 500 hours, the pigments received blue light ^j^""^^^ 
equal to 1»875 hours of that of a blue sky fully illuminated when August 1886, 
the sun shone on them. Besides this, the pigments received <» '«'')»« ^ 
200 hours of blue sky towards sunset when the colours were '"^'*'* skylight. 
in the shade, which may be taken as about equal to 50 hours 
of average skylight illumination. The light from a sky 
which is cloudy has very much the same composition as sun- 
light itself, as we have repeatedly proved. Supposing, 
however, we take it that the light was half due to blue sky 
and half to that of sunlight, uiis is equivalent to the pig- 
ments being exposed for 600 hours to light of the same 
composition as that of a blue light from the sky and 600 
hours to light of the same average composition as sunlight. 
Now^ for equal units of illumination skylight, as already stated, 
is almost exactly twice as rich in blue rays as is sunlight. 
Therefore, the 600 hours to which the pigments were exposed 
to degraded sunlight is equivalent to 300 hours of light of 
the quality of skylight. Hence we may take it that the 
pigmente were expoBed when the sun was not shining to 
900 hours of light of the same quality as that coming from 
the blue sky, but inferior in illumination. We have next 
to take some measure of what this inferiority may be» 
Measures taken show that the light coming from the sky 
at the time of year when the exposures were made varies 
from |ths to -nrth, and sometimes less in brightness of that 
coming from an unclouded sky, the measurements being 
taken at the same time of day. If we assume that the 
average illumination of an overcast sky is ^rd of that of a blue 
sky, we shall not be far wrong. Applying this factor, we 
find that the pigments were exposed for an equivalent of 
300 hours of average bright blue sky beyond that to which 
they were exposed when the sun was shining. It may 
therefore be said that the pigments received a total illumina- 
tion equivalent to 2,225 hours of average blue sky, which 
is made up of the 1,875 hours, the 50 hours^ and the 300 
hours. This of course is only an approximate estimate^ 
owing to the very variable quantities dealt with, but still it 
will give an idea of the illumination by the blue rays which 
were effective in causing the &ding. 

XXIII. We may now go a step further, and calculate Calculation of 
approximately the amount of illumination which a picture ^^?*^ *** * 
hung in a gallery, such as those at South Kensington, would sington gallery 
receive during the same period. No direct sunlight would to produce 
be admitted, and therefore the illumination due to the direct f^^^- 
light from the sun would be eliminated. Photometric 
measurements show that the blue light illuminating 
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a picture in these ^lleries varies between ^^th and 
•^th of that to which it (when no blinds are used for 
subduing the light) would be subjected if it were placed 
where our pigments were exposed and illuminated by the 
sky alone. Now when there is a blue sky the ratio is least, 
and we shall be safe in taking it as ^^th. For the 700 hours 
when the €un was shining we should therefore have an 
equivalent inside the gallery to about 9'3 hours of average 
blue «»ky. For the 1,200 hours of light from an overcast 
sky we may take the factor of -^th both for the 600 hours 
of light which was of the quality of light from a blue sky 
and also of the light for the 600 hours which we supposed 
to be of the same quality as of sunlight, which, both 
together, we took to be equivalent to 300 hours of light 
from an unclouded blue sky. This would give an exposure 
equivalent to 7*5 hours of the average light from a blue sky, 
such as that to which the pigments were exposed, or in sll 
16*8 hours. This would make the exposure of a picture 
inside the gallery about xiirth of that given to the pigments 
during the same time. If the whole year was of the same 
daily average brightness as that between 15th May and 
the 15th August, the same effect would have been pro- 
duced on the pigments located against the walls of one of 
these galleries in about 32 year^. Seeing that the daily- 
intensity and continuance of light is so enormously 
diminished in the autumn and winter we shall not be 
overstating facts when we say that it would have taken 
100 years in the gallery in question to have arrived at the 
same degree of fading as to that to which the pigments had 
arrived by our sunlight experiments up to August 1886. 
Cakulatianof XXIV. We will now endeavour to make an approximate 
9xpo8ureneces' estimate of the time which would have been required had 
toffMUghTt^^ ^"^ experiments been conducted in light falling on the walls 
produce fading, of the Same gallery when lighted by gaslight or the electric 

glow lamps. General Festing has furnished us with the 
measurements taken by him with the Preece photometer of 
the illumination of the walls of some of the galleries so lighted. 
The N.E. water colour room (gas) 1*81 candles at 1 foot 
off. 

The S.E. water colour room (gas) 2*32 candles at 1 foot 
off. 

The Jones Bequest Gallery (electric glow lamp) 1*72 
candles at 1 foot off. 

Baphael Gallery electric (arc) light 2*26 candles at 
1 foot offl 

Sheepshanks Gallery electric (arc) light 3*12 candles at 
1 foot off. 

The glow lamp light and the gaslight have very closely 
the same composition, and we may, therefore^ t|il(e it th^t 



25 

the mean illumination on the walls lighted by gaslight and 
electric incandescence lamps is equal to two candles at one 
foot off. The illumination of the same galleries by daylight 
has been measured, and the mean light for the whole year 
may be taken as about six candles at 1 foot off. In Part 
III. details of the candle value of the illumination for the 
brightest months in the year has been given. The illumina- 
tion in the winter months is so small that this average may 
be taken. That is, the mean illumination by day is three 
times better than by night, but the blue rays in one 
unit of the illuminating value of light of gaslight are 
only ^th on cloudy days to -^th on days when the sky 
is dear of those contained in a unit day light. We may 
take j^3^th as a probable proportion, and on this assumption the 
blue light illumination by the latter is about -^th of that of 
the former. That is to say, that one hour's exposure to mean 
daylight is about equfil to 45 hours of gaslight. We have 
already estimated tiiat to produce the fading which took place 
in the colours between May and August in direct sunshine 
at least 100 years woulcl have been required had the exposure 
been made in the gallery. Allowing for the duration of 
darkness, it would have taken at least 2,000 years continuous 
illumination to have produced the same result in gaslight 
or in the light from the electric glow lamps. With the arc 
electric light giving an illumination of 2| candles at one foot 
olf we calculate, on similar data, that the same result would 
have been obtained in not less than 200 years. 

XXV. Our final results were obtained after an exposure Exposure 
between May 1886 and March 188S, during which time there necessary to be 
had been about 3,000 hours of sunshine in all, 2,100 of which ^'^JV 

Ai-^11 1 1 -»*-T* 1 • South Ken- 

we may take it rell on the colours. Makmg the same estimates situfton gallery 
as before, we find that this was equivalent to 8,800 hours of to jn-oduce final 
mean blue sky light. There would be left about 8,000 hours ""^J^^^ 
of light during which no sun was shining. Taking it as 
before, we should find that this \>as equal to 6,000 hours of 
subdued blue sky light, and when reduced to ^rd, would be 
equivalent to 2,000 hours of mean bright blue sky light. 
This, with the sun light, would give a total of 10,800 hours 
of the blue sky light to which the pigments were exposed, 
or about 4*8 times the amount which they received between 
May and August 1866. To produce our final result there- 
fore we should have had to expose them in the gallery for 
at least 480 years, and to the gas light continuously for 
9,600 years. Had we exposed to the whole of the light 
coming from the southern sky alone, shielding the colours 
from direct sunlight, we should have had to extend our 
observations for four years, and if to a northern sky probably 
for nearer 10 years, since the mean brightness of the latter is 
considerably less than the former. 
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Final remarks 
on exposure 
necessary to 
produce 
fading. 



XXVI. With these estimates before us, it is not surprisiiig 
that we should have preferred to use an illuminatioD which, 
would give us results which we ourselves should be able to 
discuss. We may remark that a certain amount of impatience 
has been exhibited in some quarters at what to them appears 
the prolonged time which has elapsed since our experiments 
were commeaced. We trust that the statement we have made 
regarding the approximate lengths of exposure which are 
required will show that experiments of this nature are not 
capable of being hurried, or, when partially completed^ of 
being discussed except after weighing all causes which are 
operating. We must here enter a protest against the loose 
way in which comparative exposures in sun light and sky 
and subdued light are spoken of. For instance^ the fact 
that colours have been exposed for so many hours sunshine 
as compared with so many hours of light from the sky 
has but little meaning or value {a) unless the total 
efTective li^ht during the whole period of both be measured, 
or (b) unless the exposure has been so prolonged that 
it is safe to resort to averages. We have carried out 
experiments in both directions and the one confirms the other. 
We may again emphatically repeat that experiment has 
shown that knowing the composition of the light used and 
intensity of its different components, alkd the effect which 
they produce on a pigment in a given time, it is only a 
matter of calculation to arrive at the time necessary to 
produce the same result with any other light whose compo- 
sition is known. The detfuls of the experiments on which 
the foregoing calculations are based have in part already 
been communicated to the Koyal Society by one of us and 
Major-General Festing, F.B.S., and some of the remainder 
will be also communicated to that body, and others will be 
embodied in our second report. 
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PART II. 

Description and Result of Expebimrnts with 

Various Colours. 

I. In the following experiments the moist colours of one Colours cm- 
firm were employed. We have tried, as will be seen, the fj^^^^^JJ^ 
action of light on the single colours, and on mixtures of 

two or more colours. Sir J. D. Linton P.R.I., Mr. E. J. 
Poynter, R. A., and others kindly supplied us with an account 
and samples of the different mixtures they employed, and 
these were copied with as much accuracy as possible. Those 
mixtures were avoided in which a change would of necessity 
take place without the action of light owing to the known 
chemical composition of the colours. We have not confined 
ourselves solely to the above makers* colours, but have 
experimented with colours from other makers both dry, in 
pans, and in tubes. An account of these experiments we 
reserve for our next report, merely mentioning that the 
results so far do not greatly differ from those recorded below. 

II. The paper which we have used is Whatman's, and in Paper em- 
order that no variation of quality should occur in different ployed. 
experiments, we obtained at once sufficient for the whole 
investigation. This paper was examined and found to con- 
tain only a trace of thiosulphate and in every square 

foot nearly 1 grain of sizing matter. The amount of 
moisture present, as we shall show, is a matter of con« 
siderable importance, and obviously will vary with the 
condition of the surrounding atmosphere. We have found 
that the '^ hot pressed " paper is capable of absorbing from a 
moist atmosphere as much as 12*46 per cent, of its weight 
of water, the ^^ not pressed" 12*20, and the rough 12*07 per 
cent. This absorption of moisture goe$ on slowly, even when 
the paper is iully exposed to a saturated air. Twenty-four 
hours elapse before the paper is perfectly saturated.. 

III. The published experiments on the action of light oa Mode of pre- 
colours are few, And have been made under undefined con- paring the 
ditions. We therefore commenced our investigation by taking ^^^^^ 

a very large number of the colours which are ordinarily used 
and exposing them to conditions rigorously determined. These 
conditions -were selected so as to give us definite information 
as to the nature of the changes, if any, which occurred. The 
colours to be tested were applied, by a practised hand, to 
the paper in a series of washes, the first wash extending over 
the whole sheet, the second one leaving a strip 1 in. wide 
and the length of the paper untouched. The following 
figure represents one of these strips. In most cases as 
many as eight washes were applied, giving thus a complete 
series of 8 tints. In the following experiments strips 2 ins. 
wide and 8 ins. long, having all the tints upon them, were 
used. Fig. X. represents one of these strips. 
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IV. In the first series of experiments the colour? were 
subjected to conditions umilar to those to which pictures are 
subjected, but to an exaggerated extent. The experiments 
were carried out as follows : two strips of the coloured 
paper cut from the same sheet were carefully introduced 
into a glass tube | in. in diameter and 2 ft. long, open 
at both ends, the upper end being bent over to prevent the 
entrance of wet anil dirt. The tubes were hung vertically 
out of doors against a wall facing nearly eonth, where all the 
sunshine until after 3.30 could fall upon them. A piece of 
.Americsn cloth was carefuUj bound round one half of the 
tube, thus effectually protecting one strip of the paper from 
light. The two pieces of identically tinted coloured paper 
were therefore under exactly the same conditions in all 
respects, except that one was exposed to light, and the 
other was in the dark. 

In these experiments the colours were exposed to the 
action of light, air, and moisture, as are pictures, only to 
a greater (stent. They had to bear the action of direct 
sunlight, the air circidated through the tube, and the 
paper was in contact with the outer air. This free circulation 
of the air also prevented, as already indicated, any very 
appreciable rise in temperature in the tube. These papers 
were exposed from May 1886 till March 1888. They were 
observed for the first time on the 14th of August 1886, 
again in December 1886, and in July and in November 
1887, and finally in March 1888. .The results of tbe first 
and last examination are given in Table L 



Name of Colour. 



Cannine • 
Crimson Lake 
Scarlet Lake 
Vermilion - 
Eoee Madder 
Madder Lake 
Indian Bed • 
Venetian Bed 
Brown Madder 
Burnt Sienna 
Gamboge - 
Aureolin - 
Chrome Yellow 
Cadmium Yellow - 
Yellow Ochre 
Lemon Yellow 
Naples Yellow 
Indian Yellow 
Baw Sienna - 

Emerald Green 

Terra Verte- 

Chiom. Oxide 

OliToGceen- 

Antwerp Blue 

Pronian Blue 

Indigo Bloe 

Cobalt Blue 

French Blue 

Ultramarine Ash 

Leitches (cyanin) Blue 

Permanent Blue 

Paynes Grey 

Violet Carmine 

Purple Carmine - 

Pmrple Madder 

Sepia 

Vandyke Brown 

Burnt Umber 



Table I. 
Open Tube. 



J 
1 



August 14th, 
1886. 



March, 1888. 



I 



Gone • 
Gone to 7 

Pink|?one,Ver 
mihon left. 
No change 

No change 

No change 

No change 

No change 

Changed to 4 

No change 

Faded to 2 

No change 

No change 

No change 

No change 

No change 

Faded to 6 

Faded to 2 

No change 

No change 

No change 

No change 

Blue gone 

Paler - 

A little lighter, 
no green. 

Gone to 4, all 
lighter. 

No change 

No change 
No change 
V. si. faded 
No change 
Gone red to 7 



Bed nearly 

gone. 
Bed nearly 

gone. 
Faded to 7 - 

Faded to 1, all 

lighter. 
Faded to 4 • 

No change • 



Effect of light 

Bemarks.* ^« ^^(S**^* 
exposed %n 

— open tubes. 



Qons - 

Gone - 

Gone • 

Gone hlsck 

Faded to 

and bluer. 
SI. Aided 

No change 

No change 

Faded to S 

No change 

Faded to 7 

Faded to 4 

No change 

Gone - 

V. si. faded 

No change 

Gone • 

Faded to G 

No change 

SI. brown 

No change 

No change 

Gone brownish 

pink. 
Gone green 

No change 

Faded to 8 

No change 

No change 

No change 

No experiment 

Faded to 4 

Gone • 

Bleached to 6 

Bleached to 6 

Faded to 8 - 

Faded to 8 • 

Gone - 

V. si. faded - 



Blue revived. 



* The effects noted in this column took place after the pigments had been about one 
month in the dark, 
N0TB.~S1. means slightly ; V. si. means very slightly; No. 1 is the faintest tint. 
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Name of Colour. 



August 14th, 
1880. 



March, 1888. 



Remarks. 



Brown Pink 

Indian Yellow and Rose Madder 

Aose Madder and Raw Sienna 

Raw Sienna and Venetian Red 

Venetian Red, Madder Red, Indian 

Yellow. 
Vermilion and Chrome fellow 

Indian Red and Rose Madder 

Indian Yellow and Rose Madder 

Burnt Sienna and Naples Yellow 

Indigo, Indian YeUow, Raw and 

Burnt Sienna. 
Indigo and Gamboge 

Prussian Blue and Gamboge 

Burnt Sienna and Antwerp Blue 

Raw Sienna and Antwerp Blue 

Prussian Blue, Raw and Burnt 

Sienna. 
Indigo and Vandyke Brown 

Prussian Blue and Burnt Sienna 
Prussian Blue and Raw Sienna 
Indigo and Raw Sienna 
Indigo and Burnt Sienna • 
Leitches Blue and Burnt Sienna 
Leitches Blue and Raw Sienna 
Indigo, Raw and Burnt Sienna 
Prussian Blue and Vandyke Brown 

Indigo and Venetian Red - 
Prussian Blue and Indian Bed 
Cobalt and Indian Red 
Prussian Blue and Venetian Re^ 
Antwerp Blue and Rose Madder 
Prussian Blue and Crimson Lake 
Antwerp Blue and Crimson Lake 
Indigo, Venetian Red, Yellow Ochre 

Prussian Blue, Yellow Oobre, Veo«- 

tianRed. 
Indigo, Raw and Burnt Sienna, and 

Indian Yellow. 
Inoigo and Indian Red 



Gone to 3 

Gone nink to 
6, yellow go- 
ing in all. 

No change - 

No cliange • 
Redder in all 
No change • 
No change • 

Part faded, 
yellow gone 
to 3. 

Browner 

Gone reddish 

in all. 
Gamboge go- 

ing in all. 
fellow going- 

SI. redder 

SL redder 

Blue gone 

Vandyke 

brown going, 
all gone as 
far as 2. 
Blue gone 

BroWnttr 

Reddish 

81. Browner - 

Browner 

Browner 

Browner • 

Blue and foding 
to 8, Van- 
dyke brown 
gone in ail. 

Redder 

Gone red in 

all. 
No change • 

Gone red in 

all. 
Gone pinkish 

Red all Kone, 
blue lighter. 
Red all gone 

Redder 

Redder 

Browner 

81. redder 



Faded to 7 * 
Gone pink - 

V. si. yellowed 

to 6. 
No change • 

SI. faded, gone 

pink. 
Darkened 

No experiment 

Gone pink 

V. si. Aided • 
Gone red 
Faded to 6 - 
Gone blue to 7 
Gone si. brown 
No change 
Brown 
Faded to 5 

Gone brown 

Gone brown 

Gone yellow 

to 6. 
Gone brown 

Gone brown 

Gone brown 

Gone red 

Blue gone and 
a little brown 
left. 

Gone red 

Gtonered 

No change 

m ■ 

Gone pink 
Gone blue 
Gone blue 
Gk)ne reddish 
Gone red 
Gone brown 
Redto7 



Blue revived. 



Blue revived l 
to 3. 



Blue revived. 



Blue revived 1 
to 6. 



Bine revived. 



Blue revived. 



■ ' ■ I ■ ■ " .III! ■ 

NoTB.— Where Nos. are given in this and in following tables the higher the number 
the deeper the tint referred to. Thus, in these eKperiments, Na 1 is the lUntest tint 
and No. 8 the deepest tint 

Nora.— 81. means slightly 5 V. si. means very slightly; No. 1 is the fiiintest tint. 
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In the fourth column we have noted the curious change 
which often occurs with Prussian blue, namely, the return of 
the blue colour if the faded paper be placed for some time 
in comparative darkness. This very interesting change will 
be discussed in detail in the second part of our report. 

In some cases the colour entirely disappeared, in carmine 
for instance. In the majority of cases only a part of the 
colour disappeared, the thinner washes folding out; but the 
following pigments were able to withstand this most trying 
ordeal, and remained unchanged. They are: Indian red, 
Venetian red, burnt sienna, chrome yellow, lemon yellow, 
raw sienna, terra verte, chromium oxide, Prussian blue, 
cobalt blue, French blue, and ultramarine ash. The 
following mixtures also underwent no change : raw sienna 
and Venetian red, raw sienna and Antwerp blue, cobalt and 
Indian red. The table will show that other colours and mix- 
tures under these extreme conditions are only very slightly 
acted on, and that no actually sharp line can be drawn in 
these cases. 

V. Table II. shows approximately the order of instability 
of the single colours in open tubes which we have tried, 
beginning with the most ft^tive. 



TABLE IL 



Order of 
instability 
of colours 
exposed in an 
ordinary 
aJtmosphere, 



Carmine. 
Crimson Lake. 
Purple Madder. 
Scarlet Lake. 
Paynes Grey. 
Naples Yellow. 
Olive Grreen. 
Indigo. 

Brown Madder. 
Gamboge. 
Vandyke Brown. 
Brown Pink. 
Indian Yellow. 
Cadmium Yellow. 
Leitches Blue. 
Violet Carmine. 
Purple Carmine. 
Sepia. 
Aureolin. 
Bose Madder. 



Permanent Blue. 
Antwerp Blue. 
Madder Lake. 
Vermilion. 
Emerald Green. 
Burnt Umber. 

Yellow Ochre. 
Indian lied. 
Venetian Red. 
Burnt Sienna. 
Chrome Yellow. 
Lemon Yellow. 
Raw Sienna. 
Terra Verte. 
Chromium Oxide. 
Prussian Blue. 
Cobalt. 
French Blue. 
Xntramarine Ash. 



§ 

o 



Of these 39 single colours 12 were not acted upon at all 
by light, and ^ two others were only after this long exposure 
to direct saolight very slightly faded. 
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All of these, exoept Prussian blue, are purely mineral 
colours. Of the 34 mixtures tried only three remained 
from first till last unchanged, but six mixtures containing 
Prussian blue, although at first altered, on placing in the 
dark for six weeks more or less returned to their original 
colour. 

It is of considerable interest to note that in the cases in 

which any change occurred it had commenced before our 

record made in December 1886, though not in all cases 

before August 14tb. 

Exposure of VI. In another series of experiments, carried out at the 

fn Ttyair, '^ ^°^^ ^"^® ^^*^ mostly the same pigments, the atmosphere 

to which they were exposed was free from all moisture. 
The glass tube was first heated, allowed siifiiciently to cool, 
the dried tinted paper carefully introduced, and the glass 
lube hermetically sealed. As before, two similarly coloured 
strips of paper were introduced into each tube, one was 
protected from light, the other exposed fully to it. 
Table III. gives the results obtained. Thirty-eight experi- 
ments were made with single colours; but under this 
altered condition, 22 instead of 12 were found to be perma- 
nent, principally those colours which in the former experiments 
were only very slightly faded. In two cases the colour in 
the open tube was not acted on, while that in the dry tube 
was ; these cases are brown madder and Prussian blue. 
The colours which were unchanged in dry air, but were 
acted on in ordinary air are madder lake, cadmium yellow, 
Naples yellow, emerald green, olive green, Paynes grey, 
sepia, and burnt umber. Again, with the single exception 
of madder lake, all the above which were not acted on in 
dry air are mineral colours. 



TABLE III, 



Name of Colour. 



Dry Air. 



Carmine 
Crimson Lake 
Scarlet Lake - 

Vermilion 
Hose Madder 
Madder Lake - 
Indian Red 
Venetian Red - 
Brown Madder 
Burnt Sienna - 
Gamboge 



Faded to 7. 
Gone to 5. 
f'aded and 

darkened. 
Grone black, 
l^o change. 
No change. 
No change. 
No change. 
Faded to 4. 
No change. 
Faded to 3. 
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Name of Colour. 



Aureolin 

Chrome Yellow - 
Cadmium Yellow 
Yellow Ochre 
Naples Yellow - 
Indian Yellow 
Haw Sienna 
Emerald Green 
Terra Verte 
Chrom. Oxide - 
Olive Green 
Antwerp Blue 
Prussian Blue - 
Indigo Blue - 
Cobalt Blue 
French Blue - 
Ultramarine Ash 
Leitches Blue - 
Permanent Blue - 
Paynes Grey - 
Violet Carmine - 

Purple Carmine 
Purple Madder 
Sepia - 

Vandyke Brown 
Burnt Umber 
Brown Pink - 



Dry Air. 



No change. 
No change. 
No change. 
No change. 
No change. 
Faded to 4. 
No change. 
No change. 
No change. 
No change. 
No change. 
Faderd to 3. 
Faded to 6. 
Faded to 7. 
No change* 
Nochange. 
No change. 
Faded to 5. 
No change. 
No change. 
Faded and 

brown. 
Faded. 
Faded to 4. 
No change. 
V. si. faded. 
No change. 
Faded to 4. 



Note.— SI. means slightly ; V. si. means very slightly ; No. 1 is the faintest tint. 

YIL In the next series of experiments the colours were Exposure of 
exposed to air fully saturated with moisture. The paper was colours to fight 
saturated with moisture, and was sealed up in tubes *" "*^'* ^^^' 
containing moist air. Thirty-seven experiments with single 
colours were made ; the results are given in Table IV. 
Only 10 colours withstood the action of light under this 
condition : these were Indian red, Venetian red, burnt 
sienna, yellow ochre, raw sienna, emerald green, terra 
verte, chromium oxide, cobalt, and ultramarine ash. No 
vegetable colour is in this list, and both Prussian blue and 
Antwerp blue were entirely destroyed. Twenty-nine mixtures 
were also tested in a similar way, and only two remained 
unchanged ; these were raw sienna and Venetian red, and 
cobalt and Indian red. 



A 54947. 
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TABLE IV. 



Name of Colour. 



Moist Air. 



Oarmine - - - - 

Crimdon Lake - - - - 

Scarlet Lake • • - - 

VenniUon - > - 

Rose Madder - - - - 

Madder Lake - - - - 

Indian Bed . . - . 

Venetian Bed - - - - 

Brown Madder - - - 

Bnrnt Sienna - - - - 

Cramboge . - - 

Aureolm - - - - 

Gadmiam Yellow - - - 

Yellow Ochre - - - - 

Lemon Yellow - - - 

Naples Yellow - - . 

Indian Yellow - - - - 
Baw Sienna - 

Emerald Green - - - - 

Terra Verte - - - - 

Ghrom. Oxide - - - - 

Olive Green - - - - 

Antwerp Blue - - - - 
Prussian Blue ... 

Indigo Blue - - - - 

Cobalt Blue - - - - 

French Blue - - - - 

Ultramarine . . . . 

Permanent Blue » • ^ 

Paynes Grey - - - « 

Violet Carmine - . . 

Purple Carmine - - - - 

Purple Madder - . - 

Sepia - - . - . 
Vandyke Brown ... 

Burnt Umber - - - 

Brown Pink - - - - 
Indian Yellow and Rose Madder 
Bose Madder and Baw Sienna 
Baw Sienna and Venetian Bed 
Venetian Bed, Madder Bed, Indian Yellow - 
Vermilion and Chrome Yellow 

Indian Bed, Bose Madder - - - 
Burnt Sienna and Naples Yellow - 
IndigOy Indian YeUow, Baw and Burnt Sienna 
Indigo and Gamboge ... 



Gone. 
Gk)ne. 
Faded and 

blackened. 
Gone black. 
Faded to 6. 
Faded to 5. 
No change. 
No change. 
Faded to 4. 
No change. 
Faded to 3. 
Faded to 6. 
Faded to 3. 
No change. 
Faded to 4. 
Faded to 8. 
Faded to 6. 
No change. 
No change. 
No change. 
No change. 
Gk>ne brown* 
Gk>ne. 
Gone. 
Faded to 8. 
No change. 
Bleached to 2. 
No change. 
Faded to- 5. 
Faded to 6. 
Gone brown. 
Grone brown. 
Gone. 
Faded to 7. 
Faded to 5. 
No change. 
Faded to 7. 
Pmk. 

V. si. faded. 
No change. 
Gone red. 
Gt>ne black. 
Gk>ne pink. 
V. si. faded. 
Gone red. 
Faded to 5. 
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Name of Colour. 



Moist Air. 



Burnt Sienna and Antwerp Blue - 

Raw Sienna and Antwerp Blue 

Prussian Blue, Raw and Burnt Sienna, and 

Indian Yellow, 
Prussian Blue and Burnt Sienna 
Indigo and Vandyke Brown - - - 

Prussian Blue and Burnt Sienna - 
Prussian Blue and Raw Sienna 
Indigo and Raw Sienna - - - 

-Indigo and Burnt Sienna - - ' 

Leitcbes Blue and Burnt Sienna 
Leitches Blue and Raw Sienna 
Indigo, Raw and Burnt Sienna 
Indigo and Venetian Red 
Cobalt and Indian Red - . - 

Indigo and Indian Red . . . 

Prussian Blue and Venetian Red - 
Antwerp Blue and Rose Madder 
Prussian Blue and Crimson Lake - 
Antwerp Blue and Crimson Lake 
Indigo, Venetian Red, Yellow Ocbre 



Gone brown. 
Q-one brown. 
Gone brown. 

Gone red. 
Gone blue. 
Gone red. 
Gone brown. 
Gone red. 
Gone brown. 
Gone brown. 
Gone brown. 
Gone red. 
Gone red. 
No change. 
Gone red. 
Gone red. 
Gone pink. 
Gone. 
Gone blue. 
Gone red. 



Note.-— SI. means slightly ; Y. si. means very slightly ; No. 1 is the laintest tint. 

VII. To eliminate the effect of oxygen, a farther series of Exposure of 
experiments were made in which the colour was exposed ^.^^^^J^J^t 

• J. i_ !• • X T_ J rnr* x • tn the presence 

m an atmosphere of moist hydrogen gas. Ihirty-six of hydrogen, 
experiments were made with single colours, and of these 
no less than 22 remained unchanged ; even carmine and 
crimson lake did not alter, neither did madder lake, Indian 
red, Venetian red, brown madder, burnt sienna, chrome 
yellow, yellow ochre, raw sienna, terra verte, chromium 
oxide, olive green, indigo, cobalt, French blue, ultramarine 
ash, permanent blue, Paynes grey, sepia, Vandyke brown, 
and burnt umber. The results are ^ven in Table V. 



TABLE V. 



Name of Colour. 



Moist Hydrogen. 



Carmine 
Crimson Lake 
Scarlet Lake 
Vermilion 
Madder Lake - 
Indian Bed 



No change. 
No change. 
No change. 
Gone black. 
No change. 
No change. 

o 2 
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n 



Exposure of 
colours to 
light in vacuo. 



Name of Coloar. 


Moist Hydrogen. 


Venetian Bed . * - . 
Brovm Madder ... 
Burnt Sienna - . . - 
Gamboge - - . . 
Aureolm - - - - 
Chrome Yellow . - - 
Cadmium Yellow - - - 
Yellow Ochre - - - - 
Naples Yellow - . - 
Indian Yellow - - - - 
Raw Sienna - - - - 
Emerald Green - - - - 
Terra Verte - . - - 
Chrom. Oxide - - - - 
OKve Green - - - - 
Antwerp Blue - - - - 
Pruasian Blue - - - - 
Indigo Blue - - - - 
Cobalt Blue - - - . 
French Blue - - - - 
Ultramarine - - - - 
Leitches Blue - - - - 
Permanent Blue - . - 
Paynes Grey - - - - 
Violet Carmine - - . 
Purple Madder - . - 
Sepia - - - - - 
Vandyke Brown ... 
Burnt Umber - - - - 
Brown Pink - 


No change. 
No change. 
No change. 
SI. faded. 
Faded. 
No change. 
SI. faded. 
No change. 
Faded. 
Faded. 
No change. 
Black and pink. 
No change. 
No change. 
Gone brown. 
Grone. 
Gone. 
No change. 
No change. 
No change. 
No change. 
Faded to 6. 
No change. 
No change. 
Black. 
Faded to 3. 
No change. 
No change. 
No change. 
Gone yellow. 



Note.— SI. means slightly ; Y. si. means very slightly ; No. 1 is the faintest tint. 

VIII. Another series of experiments were made, and in 
these the air and moisture were, as far as possible, removed 
from the tubes containing the coloured papers ; the papers 
were carefully dried, and the air pumped by a Sprengel 
pump out of the tube, which was then hermetically sealed. 
Thirty-nine experiments with single colours were made, 
and it will be seen by Table VI. that hardly any 
colour under this condition is acted on by light. Violet 
carmine and purple carmine slightly darkened; Prussian 
blue and purple madder and sepia slightly bleached ; 
but in all cases the action was very feeble. Twenty- 
four experiments were made with mixed colours, and the 
results are of much interest and importance. The 
mixtures containing Prussian blue changed, the other colour 
becoming dominant. Vermilion also blackened. With 
other mixtures hardly any change occurred. 
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TABLE VI. 



Name of Colour. 



VacSuum. 



Carmine - - - - 

Crimson Lake - - • - 

Scarlet Lake - - - - 

Vermilion - - - - 

Rose Madder - - - 

Madder Lake - - - . 

Indian Red - • • - 
Venetian Red - 

Brown Madder - - . - 

Burnt Sienna - - - .. 

Gamboge . - - . 

Aureolin - - - - 
Chrome Yellow - ... 

Cadmium Yellow - - - 
Yellow Ochre - - 

Lemon Yellow - - - - 

Naples Yellow - . - - 

Indian Yellow - - - - 

Raw Sienna - - - - 

Emerald Green - - - - 

Terra Verte - - - - 

Chrom. Oxide - - - - 

Olive Green - - - . 

Antwerp Blue - - . - 
I^Bsian Blue .... 

Indigo Blue - - - - 

Cobalt Blue - - - . 

French Blue . . - . 

Ultramarine Ash - - . 

Leitches Blue. - - - - 

Permanent Blue. - - - - 

Paynes Grej. - - . - 

Violet Carmine - - - - - 

Purple Carmine - . - 

Purple Madder - - - - 

Sepia - - - - - 
Vandyke Brown - - 

Burnt Umber - - . . 

Brown Pink - - - - 
Indian Yellow and Rose Madder 
Rose Madder and Raw Sienna 
Raw Sienna and Venetian Red 
Vermilion and Chrome Yellow 
Burnt Sienna and Naples Yellow 
Indigo, Indian Yellow, Raw and Burnt Sienna 

Indigo and Gamboge - - - - 
Prussian Blue and Gamboge 
Burnt Sienna and Antwerp Blue 



No change. 
No change. 
No change. 
Gone black. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
SI. darkened. 
No change. 
No change. 
No change. 
No change. 
No change. 
V. si. faded. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
SI. darkened. 
SI. darkened. 
V. si. gone. 
SI. faded to 6. 
No change. 
No change. 
No change. 
No change. 
No change. 
No change. 
More yellow. 
V. si. faded. 
No change. 
Gone blue. 
Gone green. 
Gone red. 



38 



Name of Colour. 



Summation of 
results. 



Vacuum. 



Raw Sienna and Antwerp Blue - - - 

Prussian Blue, Raw and Burnt Sienna^ and 

Indian Yellow. 
Prussian Blue and Burnt Sienna 
Indigo and Vandyke Brown - - - 

Prussian Blue and Burnt Sienna 
Prussian Blue and Raw Sienna 
Indigo and Raw Sienna - - - 

Indigo and Burnt Sienna . - . 

Indigo, Raw and Burnt Sienna 
Prussian Blue and Vandyke Brown - 
Indigo and Venetian Red - - - 

Prussian Blue and Indian Red 
Indigo and Indian Red ... 

Prussian Blue and Crimson Lake 
Antwerp Blue and Crimson Lake 
Indigo, Venetian Red, Yellow Ochre 
Prussian Blue, Yellow Ochre, Venetian Red - 



Gone brown. 
Gone brown. 

Gone brown. 
Faded. 
Gone brown. 
Gone red. 
'No chauge. 
No change. 
No change. 
Gone brown. 
No change. 
Gone red. 
No change. 
Gone pink. 
Gone pink. 
No change. 
Gone red. 



Note.— SI. means slightly; Y. sL means very slightly ; No. 1 is the faintest tint. 

IX. The action of the surrounding medium on colours ex- 
posed to light is strikingly shown by the above experiments with 
moist air, dry air, and a vacuum, and in order to show at a 
glance the different effects produced, we append Table VIL, 
in which we have grouped the colours thus acted on under 
the three heads of No change. Altered, and Destroyed. 
Under the heading of Altered, are included changes ranging 
from a very small destruction of colour to a very con- 
siderable one. Of course such a classification can only be 
approximate. 



TABLE VII. 
Single Colours. 



Moist Air. 


Dry Air. 


Vacuum. 


No Change. 


No Change. 


No Change. 


Indian red. 


Indian red. 


Indian red. 


Venetian red. 


Venetian red. 


Venetian red. 


Burnt sienna. 


Bose madder. 


Carmine. 


Yellow ochre. 


Madder lake. 


Crimson lake. 


Baw sienna. 


Aureolin. 


Scarlet lake. 


Emerald green. 


Chrome yellow. 


Rose madder. 


Terra verte. 


Cadmium yeUow. 


Madder lake. 


Chromium oxide. 


Yellow ochre. 


Brown madder. 


Cobalt. 


Naples yellow. 


Burnt sienna. 


Ultramarine ash. 


Baw sienna. 


Gamboge. 



J 
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Hoifit Air. 




Altered. 

Scarlet lake. 

Vermilion (black). 

Rose madder. 

Madder lake. 
• Brown madder. 

Gamboge (very slightly). 

Aureolin. 

Cadmium yellow. 

Lemon yellow. 

Naples yellow. 

Indian yellow. 

OliTe green (brown). 

Indigo. 

French blue. 
f Permanent blue. 

F&ynesgrey. 
' Violet carmine (brown). 
Purple carmine (brown). 
Purple madder. 
Sepia. 
Burnt mnber (very 

slight). 
Brown i»nk. 
Vandyke brown. 



Destroyed. 

Carmine. 
Crimson lake. 
Antwerp blue. 
Prussian blue. 



No change. 

Emerald green. 
Terra verte. 
Chromium oxide. 
Olive green. 
Cobalt. 
French blue. 
Uknimarine ash. 
Permanent blue. 
Paynes grey. 
Sepia. 

Burnt umber. 
Burnt sienna. 



Altered. 

Carmine. 
Scarlet lake. 
Vermilion (black). 
Brown madder. 
Gamboge. 
Indian yellow. 
Antwerp blue. 
Prussian blue. 
Indigo. 
Leitches blue. 
Violet carmine. 
Purple carmine. 
Purple madder. 
Vandyke brown (very 

slight). 
Brown pink. 



Destroyed. 



None. 



No change. 

Aureolin. 
Chrome yellow, 
Cadmium yellow. 
Yellow ochre. 
Lemon yellow. 
Naples yellow. 
In<&an yellow. 
Emerald green. 
Terra verte. 
Chromium oxide. 
Olive green. 
Antwerp blue. 
Indigo. 
Cobalt. 
French blue. 
Ultramarine ash. 
Vandyke brown. 
Burnt umber. 
Brown pink. 



Altered. 

Raw sienna (slightly 

darkened). 
Prussian blue (slightly 

darkened). 
Violet carmine 

(darker). 
Purple carmina 

(darker). 
Piuple madder (very 

slightly &ded). 
Sepia. 
Vermilion (blackened 



Destroyed 



None. 
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Effect of 
Ox gall. 



£xpertmeni$ 
with the arc 
electric 
light. 



X. To determine whether a mixture of ox gall would 
influence the results, the following colours were mixed with 
that substance and tested in the same way and under the 
same conditions as the colours above had been tested. In 
no case did we find that the addition of the ox gall altered 
the result : — 

Scarlet lake. 

Kose madder. 

Indian red. 

Bose madder and raw sienna. 

Indian yellow. 

Indian yellow and rose madder. 

Indian yellow, raw and burnt sienna. 

Indigo and gamboge. 

Indigo and raw sienna. 

Indigo and burnt sienna. 

Prussian blue. 

Indigo. 

Indigo and Venetian red. 

Indigo, Venetian red, and yellow ochre. 

%J. In selecting the colours to be exposed to the electric 
light we have chiefly taken those most easily acted on. These 
were exposed, some in a frame with a glass in front, others 
under the most favourable conditions for fading, viz., in 
sealed tube with moist air to the lull action of the electric 
light for about 84 hours. The light falling on these colours is 
estimated as having an illuminating value of 2,000 candles 
at a foot ofi! 

Under these conditions the only single colours in the frame 
which underwent change were crimson lake (bleached and 
more red), and carmine (bleached and more red). Antwerp 
blue, Prussian blue, Naples yellow, brown pink, purple 
madder, rose madder, Vandyke brown, sepia, vermilion, 
Venetian red, Indian yellow, gamboge, indigo, Leitches blue 
underwent no change. With mixtures, Prussian blue 
yellow ochre and Vandyke brown, Prussian blue and raw 
and burnt sienna, and Prussian blue and burnt sienna all 
became slightly browner. Indigo and burnt sienna, indigo 
and gamboge, indigo and Indian red, Prussian blue and 
gamboge, Frusdian blue and purple carmine, Prussian 
blue and Vandyke brown, Prussian blue and Indian 
red, Antwerp blue and raw sienna, rose madder and 
raw sienna, chrome yellow and vermilion, Venetian red 
and raw sienna underwent no change. In the tubes with 
moist air, carmine and Naples yellow very slightly altered, 
and crimson lake altered more. The following colours 
underwent no change: rose madder, vermilion, madder 
lake, gamboge, Indian yellow, Prussian blue, Antwerp 
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blue, indigo^ Leitches blue, Vandyke brown, brown pink 
sepia ; neither did the mixtures* of Prussian blue and 
Indian red, Prussian blue and gamboge, indigo and burnt 
sienna, indigo and Indian red. From the nature of these 
experiments they could not be carried on for an indefinite 
length of time. 

XII. To determine whether heat, without light, would have Experiment 
any efiect, the strips of the following colours, cut from the with heat hut 
same sheets as those used in the previous experiments, were ^^^^^ ^^9^** 
sealed up with moist air in glass tubes and heated for 

seven hours a day for three weeks in boiling water, all 
light being excluded. 

Indian yellow changed very decidedly, a mixture of Prus- 
sian blue and gamboge went brown, also a mixture of 
Prussian blue and burnt sienna and Prussian blue and 
raw sienna, Antwerp blue, Leitches blue and permanent 
blue all bleached. In a second experiment the permanent 
blue did not change. Indigo and Venetian red also bleached 
very slightly and became more red in colour, whereas car- 
mine, crimson lake, vermilion, Venetian red, Prussian blue, 
indigo, sepia, and brown pink underwent no change. Two 
tubes with rose madder were used, one of them bleached 
very slightly, the other not at all. 

XIII. This part of our investigation has, at present, only Action of the 
reached its first stage, and will be more fully considered in ^']^^'**'-^'^* 
the second part of our report. The results already obtained ^^ onp^g- 
are, however, of interest, and may be briefly stated. An ments, 
ordinary gas jet, burning two cubic feet per hour, was kept 

burning day and night for three weeks in s^ cupboard 6 ft. 
6 ins. long, 2 ft. 6 ins. wide, 5 ft. 6 ins. high. At the top 
of the cupboard was fastened a board on which strips of the 
following colours were pinned : Indian red, madder red, rose 
madder, carmine, crimson lake, Venetian red, scarlet lake, 
madder lake, vermilion, burnt sienna, Indian yellow, burnt 
umber, gamboge, Naples yellow, chronie yellow, cadmium 
yellow, aureolin, chromium oxide, emerald green, Prussian 
blue, cobalt, indigo,. Paynes grey, Leitches bine, Antwerp 
blue, French blue, purple carmine, sepia, indigo and gamboge, 
indigo and Venetian red and yellow ochre ; Prussian blue and 
raw sienna, Prussian blue and Venetian red, Prussian 
blue and crimson lake. The temperature to which these 
colours were exposed was 82** Fahr. Of course no moisture 
deposited upon them, but the window to the cupboard 
was bedewed ; under these circumstances hardly any change 
occurred. Crimson lake vios slightly bleached, madder 
lake became a little redder, and Antwerp blue and 
Prussian blue a shade greener. The changes which pro- 
bably occur under slightly difierent conditions we shall 
treat of hereafter. 
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Exnerimenu XIY. We have already pointed out tlie action which must 
^^*^y occur on diluting any colours with a solid white medium such 

as Ghmese white. But few comparative experiments have yet 
been made, ^fixtures of rose nuKlder and Indian yellow^ and 
of Prussian blue and gamboge, when mixed with Chinese 
white faded more rapidly than without it, and a mixture of 
Prussian blue and crimson lake are strikingly acted on, for 
without Chinese white the mixture becomes blue, but if 
mixed with Chinese white, it becomes of a bright pink 
colour. The fading of Prussian blue appears to be brought 
about by the addition of Chinese white. The following 
mixtures exposed in a frame at a window receiving about 
half the day's sun from May 19th, 1887, till January 18th, 
1888, did not show any marked difference although mixed 
with Chinese white. Indigo and burnt sienna, vermilion and 
chrome yellow, Antwerp blue and burnt sienna, purple 
madder and burnt sienna, rose madder and Indian yellow. 
The following single pigments were also tried but the 
addition of Chinese white did not appear to hasten their 
fading. The vermiUon mixed with the Chinese white 
darkened a shade more than without it, and the fading of 
Prussian blue was increased by it. 

Carmine. Brown pink. 

Rose madder. Pnrple madder. 

Crimson lake. ^olet carmine. 

Vermilion. Paynes grey. 

Gttmboge. Antwerp blue. 

Indian yellow. Prussian blue. 

Vandyke brown. Indigo. 

Sepia. Burnt Sienna. 

Strips of the following colours with and without Chinese 
white were sealed up in tubes with moist air and exposed 
to all the sunlight there was from May 20th till July 29th 
1887. Bose madder, Paynes grey, sepia, vermilion, violet, 
carmine, crimson lake and Prusoan blue, indigo and burnt 
sienna, and Prussian blue and burnt sienna. The only 
case in which the addition of the Chinese white made a 
perceptible difference was in the mixture of Prussian blue 
and crimson lake. The change was the same as above 
described. 
Experimenu XV. The following single and mixed colours chosen on ac- 
wiAcdcmred qqjjj^x of their instability (see Table 11.) were exposed from 
^ ' May 1887 till January 1888, under such conditions as to 

receive about one half the skylight and half the possible 
amount of sunlight. The composition of the light trans- 
mitted through the red, green, and blue glasses used^ has 
been already stated. Fig. VII. Taking first the action of 
the red light, only four single colours were acted upon but 
slightly by it, these were indigo, Leitches blue, crimson lake. 
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and Prussian blue. With the mixed colours, the only cases 
in which action occurred were those in which indigo 
was present they faded, for the indigo was destroyed. 
Under the green glass five single colours and two 
mixtures showed alteration, viz., Leitches blue, Paynes grey, 
crimson lake, Vandyke brown, carmine, Prussian blue, and 
crimson lake, also Prussian blue with raw sienna. All these 
changes occurring under the red and green glasses were very 
slight. A reference to the diagrams which give the optical 
composition of the different colours will show that these 
particular colours absorb in the red and in the green, hence 
their fading. We come now to the blue glass, and it will be 
seen that the amount of fading in this case is nearly, though 
not quite so much, as under the white glass, the difference 
being due to the opacity of blue glass even for blue rays, 
(See Fig. VII.) All the colours under the blue and white 
glass (burnt sienna excepted) were acted on. This clearly 
shows that it is the blue end of the spectrum which is active 
in producing the fading of colours. 





White. 


Blue. 


Green. 


Bed. 




Purple Madder 


Faded to 2 - 


Faded to 1 - 


— 


— 


Antwerp Blue - 


No experiment 


Faded - 


— 


— 


Lieitclies Slue - 


SI. faded 


SI. faded 


Darkened - 


Darkened. 


Violet Cannine 


Faded to 1 - 


Faded to 1 • 


««• 


— 


Paynes Grey - 


Padedtol - 


Bluer - 


Blue - 


— 


Indigo - - - 


No experiment 


Faded to 1 - 


— 


SL faded. 


Fniasiaii Blue 


No experiment 


SI. faded 


— 


y.sL faded. 


Bose Madder - 
(2 experiments.) 


SI. bleached - 


81. faded 


— 


— 


Brown Pink • 


No experiment 


FadedtoS - 


— 


— 


Crimson Lake - 


No experiment 


Faded - 


SI. faded 


SL faded. 


Vandyke Brown 


No experiment 


Fadedtol - 


SL faded 


— 


Termilion 


Darkened - 


V. SI. darkened 


— 


— 


Carmine - 


No experiment 


FadedtoS - 


SLfiEtded 


— 


Gtamboge 


No experiment 


Fadedtol • 


— 


— 


Indian Yellow 


No experiment 


No change - 


— 


— 


Sepia - 


Become lighter 


Become lighter 


— 


— 


Burnt Sienna 


No change - 


No change - 


— 


— 



Mixtures. 



Indigo and Burnt 
6ienna» 2 experi- 
ments. 

Indigo and Venetian 
Bed. 

Indigo and Baw 
Sienna. 

Indigo and Vandyke 
Brown. 



Bleached to 2 

Bleached 

No experiment 

Lighter 



Bleached to 1 

Bed to 1 
Gone red 
Lighter 



SLred. 
Fading. 
Browner. 
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White. 


Blue. 


Green. 


Bed. 




Indigo and Indian 


Yeiy si. faded 


_ 


_ 




Bed. 










Indigo and Gamboge 


Gone blue - 


Gone blue 


— 


— 


Prussian Blue and 


Gone bluish 


Gone to a neu- 


Pinkish blue- 


^^^ 


Crimson Lake. 


Kreen. 
Much gone. 


tral tint. 






Prussian Blue and 


Same as under 


__ 


, 


Gamboge. 


little blue in 
Nol. 


white. 






Prussian Blue and 


Brown, Prus- 


Same as under 


__ 


... 


Burnt Sienna. 


sian blue 
quite gone 
in 1 and 2. 


white. 






Prussian Blue and 


No experiment 


Faded to I . 


SI. faded 


-^ 


Baw Sienna. 










Antwerp Blue, Rose 


Become bluer 


Become bluer 


_ 


_^ 


Madder, and 










Indian Yellow. 










Prussian Blue and 


Quite green - 


Green 


__ 


^.^ 


Purple Carmine. 








■ 


Antwerp Blue and 


Burnt sienna 


Burnt sienna 


.^ 


... 


Burnt Sienna. 


only left. 


left. 






Indian Yellow and 


Rose madder 


Became pink 


.. 


,.. 


Rose Madder. 


left. 








Chrome Yellow and 


Blackened - 


SI. fAded 


, 


^^ 


Vermilion. 











Prussian Blue and 

Baw Sienna. 
Bose Madder and 

Indian Yellow. 
Antwerp Blue and 

Burnt Sienna. 
Indigo and Baw 

Sienna. 
Indigo and Burnt 

Sienna. 
Indigo 

Antwerp Blue 

Prussian Blue 

Purple Madder 

Burnt Sienim 

Gamboge 

Indian Yellow 

Vandyke Brown 

Brown Pink - 

Crimson Lake 

Carmine 

Vermilion 

Boae Madder 

Violet Carmine 

Paynes Grey 
Sepia • 



Prussian Blue and 
Burnt Sienna. 

Prussian Blue and 
Crimson Lake. 



Colours mixed 

No experiment 
No experiment 
Brown to 3 • 
No experiment 



Burnt Sienna 

left. 
No change - 

No experiment 

No experiment 

Bleached 

No change - 

No experiment 

No experiment 

No experiment 

No experiment 

No exi)eriment 

No experiment 

Blackened - 

SI. bleached - 

Bleached to 
No. 1 and 
darkened to 
2 and 3. 

Bleached to 1 

Lighter 

Prussian blue 
gone in 1 
and 2. 

Became of 
bluish green. 



With Chinese White, 

Faded to 2 - 

Bose madder 

left. 
Brown to 3 - 

Bleached 

SLred 

No. change • 

Bleached 

Bleached 

Bleached 

No change - 

SI. bleached - 

SI. bleached • 

Bleached 

Bleached to 8 

Bleached to 3 

Bleached to 3 

Blackened 
under 1 and 2. 
V. si. bleached 

Same as under 
white glass. 



Become bluer 

Lighter 

Same as under 
white glass. 

Became of a 
neutral tint. 



Become bluer 



Pinkish blue 



SI. faded. 



Note.— 81. means slightly ; V. si. means Tery slightly ; No. 1 is the faintest tint. 



\ 
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XVI. In addition to the severe tests, both with regard to Ejfect on 
surroundin^t atmosphere and amount of light, to which we ^^*^''f ^f " 

oos&i to tftC 

subjected the diflferent colours, it was clearly of interest and fight of aroom. 
importance to have similar specimens of colours subjected to 
milder treatment, and under conditions approximating to 
those to which pictures are usually subjected. We have 
therefore taken strips of our tinted papers and exposed them 
in a picture frame under a glass, so that one lialf of each 
paper was exposed to light, and the other half, bent back, 
was entirely shielded from the light. The back and glass 
were carefully pasted into the frame so as to exclude dust, 
as would be done with a picture, and the frame was then 
exposed in a room to very bright light, but not to direct 
sunlight. During a part of the time the frame was hung 
up against a window, during the remaining time it was at a 
little distance from the window. The frame was first ex- 
posed to the light on August 4th, 1886, and was opened, 
and the colours examined on May 6th, 1888. 
The following colours were in the frame : — 

Antwerp blue. Lemon yellow. 

Prussian blue. Vandyke brown. 

Leitches blue. Venetian red. 

Indigo. Crimson lake. 

Gamboge. Vermilion. 

Brown pink. Rose madder. 

Indian fellow. Carmine. 

Naples Yellow.. Prussian blue and burnt 

sienna. 
Prussian blue and Indian red. 
Prussian blue and Vandyke brown. 
Prussian blue and gamboge. 
Indigo and Vandyke brown. 
Indigo and bunit sienna. 
Indigo and gamboge. 
Indigo and Indian red. 
Rose madder and raw sienna. 
Antwerp blue and raw sienna. 
Vermilion and chrome yellow. 

Of the single colours \\e found that the gamboge, indigo, 
and Naples yellow had slightly faded. Brown pink had 
faded perceptibly to 6. Carmine had bleached to 3 ; 
Vandyke brown had faded to 1, and was fainter to 4, 
and crimson lake had faded to 5, and all the darker 
shades had become paler. With mixtures, Prussian blue 
and burnt sienna had changed, the blue had faded ; with 
Prussian blue and Vandyke brown, and with indigo 
and Vandyke brown in both cases, the Vandyke brown 
had faded ; with Prussian blue and gamboge, the gamboge 
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had slightly gone in I ; with indigo and burnt sienna the 
indigo had gone in 1, and all the shades had become browner^ 
indigo and gamboge had become paler throughout, both 
colours apparently fading ; with indigo and Indian red, the 
indigo had gone completely in 1 , and in part in all the tints. 
The other colours, both single and mixed^ had not changed* 
(Jcmclusions. XVII. In a subsequent report we hope to be able to 

make further deductions as to the causes which operate in 
producing the fading of pigments, but we can summarise 
the condusions which are clearly to be drawn from the 
results of the experiments which we describe in this first 
report 

Mineral colours are far more stable than vegetable 
colours, and amongst those colours which have renuuned 
unaltered, or have only very slightly changed after an 
exposure to light of extreme severity, a good gamut is 
available to the water colour artist. 

The presence of moisture and oyxgen are in most cases 
essentiid f or a change to be effected,- even in the vegetable 
colours. The exclusion of moisture and of oxygen^ particu 
larly when the latter is in it« active condition, as experiments 
to be described in our next report show, would give a much 
longer life, even to these, than they enjoy when freely exposed 
to the atmosphere of a room. It may be said that every 
pigment is permanent when exposed to light ^* in vacuo/* 
and this indicates the direction in which experiments should 
be made for the preservation of -water colour drawings. 

The effect of light on a mixture of colours whidi have no 
direct chemical action on one another is that the unstable 
colour disappears and leaves the stable colour unaltered 
appreciably. 

Our experiments also show that the rays which produce 
by far the greatest change in a pigment are the blue and 
violet components of white light, and that these, for equal 
illumination, predominate in light from the sky, whilst they 
are less in sunlight and in diffused cloud light, and are 
present in comparatively small proportion in the artificial 
lights usually employed in lighting a room or gallery. 

The experiments have also shown that about a century of 
exposure would have to given to water colour drawings in 
galleries lighted as are those at South Kensington before any 
very marked deterioration would be visible in them, if painted 
with any but the more fugitive colours ; and that when the 
illumination is of the same quality as that of gaslight, or of 
the electric glow light rendered normally incandescent, and 
of the same intensity as that employed in those galleries, an 
exposure to be reckoned by thousands of years would have to 
be given to produce the same results. We have here not taken 
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into account the action^ if any^ which might arise from the 
products of combustion where gaslight is the illuminant, and 
which our experiments so far have shown to have but 
a trifling effect^ nor of any modification of hue which might 
be due to change in the whiteness of the paper on which 
the paintings were made^ but simply to the change in the 
colours themselvea When it is determined what is the 
minimum illmnination in which a water colour drawing 
can be well seen, the length of time during which the 
drawing will retain almost its pristine freshness can be easily 
calculated. 

Since it is the blue light which causes the fading, it 
might be thought that the glazing of skylights with a glass 
of a slightly yellow tint should be adopted. It must be 
recollected, however, that in ordinary diffused sunlight this 
would entail an alteration in the brilliancy of the blues of 
a picture, and a change in their tone. It is well known to 
artists that a picture painted or illuminated by blue skylight 
looks colder than one illuminated by diffiised sunlight, 
whether the diffusion be caused by white blinds to the 
gallery or by cloud. The cause of this will be apparent 
on looking at Fig. VI. ; the red and yellow light are very 
deficient, whilst the blue light predominates. When the 
illumination is from the blue sky a yellow glaze or blind 
might be useful in imparting the warmer tone of difiused 
Biinlight, and at the same time it would reduce in intensity 
the destructive component of the light. 

We have to thank the Committee of Artists^ appointed 
by the Science and Art Department for suggestions which 
they individually and collectively have made to us during 
our investigations^ and for the criticisms which they have 
made on various points in our report. To us^ who could only 
follow the subject from a .purely scientific point of view, 
the ripe experience of those who are masters of its technique 
has been of the greatest value. 

W. J. £USSELL. 

W. DE W. Abnet. 



48 



PART III. 

Appendix I. 

Measurement We have already referred to the measures made of the 
of/? aJ*****"*'^ colours with which we experimented, and we now give the 
reflected from results of the measurements made. For convenience of 
pigments. reference the curves of several pigments have been put 

in one diagram, and as far as possible those of the same 
colour appear together. These diagrams we believe will 
be found of great utility, since they show the exact 
optical properties of the pigments we used^ and will be a 
guide in future investigations for ascertaining whether the 
same material is being dealt with. They also indicate the 
amount of fading which has taken place in those pigments 
which have not absolutely bleached, or in which no appreciable 
change has taken place. 

For instance, a yellow pigment to the eye might be of 
approximately the same hue and luminosity as gamboge, but 
it is perfectly possible that the spectrum value of the two 
might be totally diflferent. We have the same thing occurring 
in the mixture of spectrum colours. Thus, by mixing pure 
spectrum red with pure spectrum green, a yellow may be 
formed which to the eye may appear identical with the 
yellow found in the spectium itself. Such a pigment might 
behave in the light quite differently to gamboge, either by 
being more permanent or more fugitive. Again, too, even 
the preparation of the same colour may vary. Thus cadmium 
yellow may be of a variety of tones, and of this variety 
some might behave somewhat differently in the light to that 
variety with which we have experimented. 

In a paper recently communicated to the Royal Society, 
General Festing and one of us have shown how from these 
curves the exact colour of the pigment, or the faded pigment 
can be reproduced from the spectrum, and thus will enable 
any one who possesses the necessary apparatus to follow 
the results which we have obtained. 

We have adopted in these curves the nomenclature of 
colours of the spectrum suggested by Professor Rood, as 
given in his "Modern Chromatics." Beneath each part 
of the curve the colour measured has been shown, and 
this may be of use for those who are not familiar with the 
Fraunhofer lines of the solar spectrum, the principal of 
which are indicated by B, 0, D, &c. 

In diagrams 13 and 14 we have given the readings of a 
series of lints of two colours with a view of showing the 
"reflection-capacity" of varying depths of tint. In 
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diagram 13, No. 5 cui've refers to No. 8 tint (see Fig. X.), 
and No. 1 curve to No. 4 tint. There were only three tints 
on the paper from which Diagram XIV. was made. 
P^In the following tables * before the colour signifies that 
the colour was unchanged after exposure to light ; t that 
the colour bleached after exposure to light; tt that the 
alteration action was so small that it was not considered 
necessary «to measure it. 

Indigo (Plate 1). 





Unfaded. 






Faded. 




Wave 

Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 

Length. 


Intensity 

of 

Beflected 

Light. 


4,300 
4,500 
4,600 
4,700 
4,800 
5,000 


250 

26-0 . 

250 

24-0 

22-7 

20-7 


5,200 
5,500 
5,700 
6,000 
6,200 
6,900 


190 
16-0 
14-5 
140 
13-6 
13-5 


4,300 
4,500 
4,600 
4,800 
4,900 
5,100 
5,300 


40-2 
450 
46-7 
48-2 
48-5 
48-2 
47-8 


5,500 
5,700 
6,000 
6,200 
6,500 
6,700 
6,900 


47-4 
46-5 
45-5 
45*8 
48*0 
60-0 
520 



Antwerp Blue (Plate 1). 



TJnpaded. 


Faded. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4,200 


76-5 


6,000 


32 


4,200 


47-5 


5,500 


57-0 


4,300 


75-5 


6,100 


30-8 


4,300 


530 


5,600 


53-0 


4,400 


74-8 


6,200 


30-2 


4,400 


57-8 


5,700 


49-5 


4,500 


75-0 


6,400 


28-7 


4,500 


61-5 


5,800 


46-4 


4,600 


76-5 


6,600 


27-5 


4,600 


64-5 


5,900 


43-4 


4,700 


78-0 


6,900 


26-2 


4,700 


66-3 


6,000 


40-0 


4,800 


77-0 






4,800 


67-8 


6,100 


37-5 


4,900 


73-2 






4,825 


68-0 


6,200 


35-5 


5,000 


69-5 






4,900 


66-0 


6,800 


34-0 


5,200 


62-0 






5,000 


63-8 


6,400 


33-0 


5,400 


53-5 






5,100 


63-0 


6,500 


32-3 


5,600 


45-5 






5,200 


64-0 


6,600 


82 '0 


5,800 


380 






5,300 


63-2 


6,900 


32'0 


5,900 


34-6 






5,400 


61-0 







54947. 



D 



50 



* Cobalt Blue (Plate 1). 



Wave 

Length. 


Intensity 

of 

Reflected 

Li^ht. 


Wave 

Lei^^h. 


Intensity 

of 
Reflected 
; Light. 


Wave 
Length. 


Intensity 

Reflec&d 
Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


4,350 


44-0 


5,000 


1 

! 41*6 


5,600 


6-5 


6,400 


23*5 


4,500 


. 51-7 


5,100 


29-0 


6,750 


6-0 


6,500 ' 


28-5 


4,600 


53-3 


5,200 


20-0 


6,000 


7-5 


6,600 


34-5 


4,700 


54*0 


5,800 


15-0 


6,100 


10-5 


6,700 


400 


4,800 


53-6 


5,400 


11-5 


6,200 


14-0 






4,900 


50-5 


5,500 


8-5 


6,800 


18-5 







* French Ulteamaeinb (Plate 1). 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,350 


38-0 


4,900 


27-0 


5,500 


8-0 


6,500 


7-6 


4,6oa 


38-0 


5,000 


21-5 


5,750 


7-0 


6,620 


8-5 


4,750 


35-0 


6,200 


12-5 


6,300 


6-8 


7,000 


6-5 



Prussian Blue (Plate 2). 



VVEADBD, 


Faded. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


lotensitj 

of 

Reflected 

Light. 


4.200 
4,500 
4,600 
• 4,800 
6,000 
5,200 
6,500 


60' 5 
67-0 
68-0 
64-0 
590 
49-5 
41-75 


5,800 
6,000 
6,300 
6,500 
6,800 
7,000 


34*5 
30-0 
25-5 
23-5 
220 
210 


4,200 
4,500 
4,600 
4,650 
4,800 
5,000 
5,250 


64-0 

71-0 

74*5 

74-75 

71-0 

66-5 

54-5 


5,500 
5,800 
6,000 
6,300 
6,500 
6,800 
7,000 


45-5 
370 
33-0 
29-0 
27-5 
2G-0 
25-0 
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t Permanent Blue (Plate 2). 





Intensity 




Intensity 




Intensity 




Wave 


of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 



Intensity 

of 

Reflected 

Light. 



4,300 
4,400 
4,500 
4,600 
4,700 
4,800 



57-0 


4,900 


44-0 


5,700 


16-6 


6,300 


60-0 


5,000 


38-5 


5,800 


16-0 


6,403 


61-8 

• 


5,200 


30-8 


5,900 


16-0 


6,500 


60-8 


5,400 


23-5 


6,000 


170 


6,60J 


.58-0 


5,.500 


20-5 


6,100 


18-0 




510 


5,600 


18-0 


6,200 


19-3 





20-8 
22*S 
24-0 
25-5 



t French Blue (Plate 2). 



Wave 
Length. 


Intensity 

of 
Reflected 

Light. 


Wave 
Length. 


1 
Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


400 


4,750 


58-5 


5,750 


24-3 


6,500 


34-5 


4,400 


47-0 


4,900 


48-0 


5,850 


24-0 


6,600 


36-5 


4,600 


540 


5,000 


43-7 


6,000 


25*2 


6,700 


37-5 


4,600 


61-0 


5,100 


40-2 


6,200 


28*2 






4,625 


61*25 


5,200 


36-5 


6,300 


30-2 






4,700 


60-5 


5,400 


310 


6,400 


32-7 







Cyanin Blue (Plate 2). 



Wave 
Lecgth. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


45-5 


4,9C0 


50-5 


5,500 


26*8 


6,100 


10-5 


4,400 


49*2 


5,000 


46*5 


5,600 


23*0 


b,200 


9-5 


4,500 


52-6 


5,100 


42-8 


5,700 


19-6 


6,300 


9-0 


4,600 


55-5 


5,200 


38-5 


5,800 


16-6 


6,500 


8*2 


4,700 


57-0 


5,300 


34-5 


5,900 


14-0 


6,800 


7-0 


4,800 


54-8 


5,400 


30-5 


6,000 


12-0 







D 2 
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ft Emerald Geben (Pkte 3). 



Waye 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,200 


250 


6,000 


72-5 


5,700 


89-7 


6,400 


9-0 


4,300 


25-75 


5,125 


76-0 


5,800 


32-0 


6,500 


8-0 


4,500 


29-0 


5,200 


73-5 


5,900 


26-0 


6,600 


7-6 


4,G00 


34-5 


5,300 


69-5 


6,000 


20'5 


6,760 


7-0 


4,700 


49-0 


5,400 


630 


6,100 


16-5 


7,000 


6-5 


4,800 


60-0 


5,600 


55-5 


6,200 


13-4 






4,900 


68-0 


5,600 


47-5 


6,300 


100 







* Gbeen Oxide of Chromium (Plate 3). 



Wave 

Length* 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

or 

Reflected 
Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


16-0 


5,100 


35-5 


5,600 


35-0 


6,300 


26*0 


4,400 


17-6 


5,200 


41-5 


5,700 


220 


6,400 


28-0 


4,600 


20-2 


5,300 


44*6 


5,750 


20-5 


6,500 


29-3 


4,800 


22-6 


5,310 


450 


5,850 


19-8 


6,600 


30-8 


4,900 


26-0 


5,400 


43-5 


6,000 


20-5 


6,700 


31-4 


5,000 


30-5 


5,500 


40-5 


6,200 


24-0 


6,850 


33-0 



* Terra Vebte (Plate 3). 





Intensity 




Intensity 




Intensity 




Wave 


of 


Wave 


of 


Wave of 1 


Wave 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 



]hitensit3' 

of 

Reflected 

Light. 



4,300 
4,400 
4,500 
4,600 
4,700 



19-6 


4,800 


24-0 


5,400 


20-5 


6,000 


20-0 


5,000 


250 


5,500 


18-7 


6,200 


21-0 


5,100 


24-7 


5,600 


17-0 


6,300 


22-4 


5,200 


23-8 


5,700 


15-8 


6,500 


23-4 


5,300 


22-2 


5,800 


14-8 





14-0 
13-4 
130 
13-0 
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Prussian Blue, Raw Sienna, and Burnt Sienna 

(Plate 4). 



• 


1 

Fjldbd. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 

• 


Intensity 

cf 

Reflected 

Light. 


4,250 


13-0 


5,900 


21-0 


4,250 


150 


5,450 


29-5 


4,400 


14*5 


6,000 


20-5 


4,400 


17-0 


5,600 


320 


4,500 


15-6 

< 


6,200 


18-5 


4,500 


19-5 


5,700 


33 '0 


4,600 


16-6 


6,400 


16-8 


4,600 


22-0 


5,800 


32-7 


4,700 


17-0 


6,500 


16-0 


, 4,700 


23-3 


5,900 


32*0 


4,900 


18-2 


6,700 


14-5 


4,850 


24-5 


6,000 


31-0 


5,000 


18-8 


6,900 


13-6 


, 4,900 


24- 1 


6,200 


30-2 


5,100 


19-8 






4,950 


240 


6,300 


30-0 


5,200 


21-0 






5,000 


24-3 


6,400 


28*6 


5,300 


220 






5,100 


25-3 


6,500 


27'2 


5,450 


22-7 






5,200 


270 


6,700 


24-5 


5,600 


22-8 






5,300 


29-0 


6,800 


23*5 


5,800 


21-5 






5,400 


290 







Indigo and Gamboge (Plate 4). 



Wave 
Len^h. 

1 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Lignt. 


4,300 


12-2 


4,800 


30-8 


5,400 


34 


6,000 


24-2 


4,400 


16-5 


4,900 


32-7 


5,500 


32-8 


6,200 


23*0 


4,500 


190 


5,000 


84-4 


5,600 


30-5 


6,500 


22-0 


4,550 


19-6 


5,100 


36-0 


5,700 


28-5 


6,700 


21-8 


4,600 


21-0 


5,200 


35-7 


5,800 


26-7 


6,800 


21*8 


4,700 


26*6 


5,300 


85'2 


5,900 


25-3 







L, 
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t Antwerp Blue and Raw Sienna (Plate 4). 





Intensity 




Intensity 




Intensity 




Wave 


of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Beflected 
Light. 


Length. 


Beflected 
Light. 


Length. 


Beflected 
Light. 


Length. 



4,300 
4,500 
4,600 
4,650 
4,700 
4,800 



9-5 


4,900 


16-0 


5,500 


17-4 


6,100 


12-^ 


5,000 


17-0 


5,600 


15-8 


6,200 


12-3 


5,100 


18-0 


5,700 


14-7 


6,500 


li:'7 


5,200 


18-3 


5,800 


13-3 


6,700 


13-3 


5,250 


18-5 


5,900 


12-2 


6,900 


14-8 


5,400 


18-0 


6,000 


11-0 





Intensity 

of 

Beflected 

Light. 



10-3 
9-7 
8-3 
7-8 
7*3 



Pbussian Blue and Gamboge (Plate 4). 





Ukjadbd. 




/■ 


FiJ>ED. 




Wave 
Length. 


Intensity 

of 
Beflected 

Light. 


Wave 
Length. 


Intensity 

of 
Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Befleotcd 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4,300 


22-5 


5,400 


46-5 


4,300 


37-5 


5,500 


37-8 


4,400 


25-0 


5,500 


43-5 


4,400 


39-0 


5,600 


35-3 


4,500 


310 


5,600 


40-2 


4,500 


47-0 


5,700 


32-7 


4,600 


38-5 


5,700 


36-5 


4,600 


63-6 


5,800 


30*4 


4,650 


40-5 


5,800 


32-5 


4,700 


51-4 


5,900 


28-0 


4,700 


43-4 


5,900 


29-5 


4,800 


50-2 


6,000 


26-3 


4,800 


48-8 


6,000 


27-5 


4,900 


50-0 


6,200 


25-0 


4,900 


51-7 


6,100 


26-2 


5,000 


49-5 


6,500 


24-6 


5,000 


53-0 


6,200 


25-3 


5,100 


47-0 


6,850 


24-4 


5,100 


52-7 


6,400 


24-8 ' 

1 


! 5,2v)0 


45-0 






5,200 


51-3 


6,850 


23-0 


j 5,300 


42-5 






5,300 


to-o 






5,400 


40-2 
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tt Vermilion (Plate 5). 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



4,350 
4,800 
5,000 
5,300 



6-75 


5,500 


11-5 


5,900 


59-0 


6,600 


6-75 


5,600 


15-0 


6,000 


78-0 


6,750 


7-5 


5,750 


31-5 


6,200 


97-0 


7,000 


9-5 


5,800 


40'0 


6,500 


94-6 





90-5 
84-0 
72-5 



Mercuric Iodide (Plate 5). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


3-0 


5,000 


3-7 


5,800 


29-5 


6,400 


74-6 


4,500 


2-0 


5,200 


5-5 


5,900 


54-5 


6,500 


75-4 


4,600 


4*0 


5,400 


6-8 


6,000 


66-5 


6,600 


75-8 


4.750 


5-8 


5,500 


8-0 


6,100 


70-0 


6,750 


76-3 


4,900 


4*2 


5,700 


18-0 


6,200 


71-7 


7,000 


76-8 


4,950 


3-5 


5,750 


220 


6,300 


73-5 







t Carmine (Plate 6). 



Wave 
Length. 


Intensity 

of 
Reflected 
Light. 


Wave 
Length. 


Intensity 

of 
Reflected 
Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


37-0 


5,200 


31-5 


5,700 


41-0 


6,400 


75-0 


4,500 


38-5 


5,300 


33-0 


5,800 


50-0 


6,500 


76-0 


4,550 


89-0 


5,380 


34-5 


5,900 


59 


6,600 


75-0 


4,700 


36-5 


5,450 


33*5 


6,000 


670 


6,800 


72-0 


4,800 


34-5 


5,500 


33-0 


6,100 


70-5 






5,000 


32*0 


5,550 


33*25 


6,200 


12'i 






5,100 


31*0 


5,600 


34'0 


6,800 


74-0 




' 
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* Indiax Keo (Plate 5). 



Uhvaded. 


Faded. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflects 

Light. 


4,200 


25-7 


5,750 


42-5 


4,200 


27*5 


5,800 


49*5 


4,300 


27-0 


5,800 


48-5 


4,300 


29-0 


5,900 


54-0 


4,500 


29-5 


5,900 


52-0 


4,500 


28*6 


6,000 


61*5 


4,750 


30-5 


6,000 


58-5 


4,600 


28*5 


6,100 


65*5 


4,900 


30-0 


6,100 


63*2 


4,750 


29-0 


6,200 


68*5 


5,000 


29*3 


6,200 


66*5 


5,000 


30*0 


6,250 


70*3 


5,150 


29'0 


6,250 


67*5 


5,250 


31*5 

1 


6,400 


74*5 


5,900 


80-0 


6,400 


70*6 


5,400 


' 340 


6,500 


77*0 


5,400 


31-5 


6,500 


72-5 


5,600 


1 36*5 


6,700 


81-5 


5,500 


83'5 


6,990 


76*0 


6,600 


40-0 


6,990 


87*0 


5,600 


36*3 






5,750 


46*5 

1 







t Crimson Lake (Plate 6). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 

• 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


18*8 


5,100 


10-5 


5,700 


28-6 


6,300 


82-6 


4,500 


19-5 


6,200 


11*5 


5,800 


31*5 


6,400 


84*0 


4,576 


19-6 


5,300 


14*0 


5,900 


42-5 


6,500 


83*5 


4,600 


19*0 


5,400 


15*0 


6,000 


54-5 


6,600 


830 


4,700 


16*5 


5,475 


14-0 


6,100 


65-6 


6,700 


81*5 


4,800 


14*2 


5,500 


14*5 


6,200 


76-3 


6,900 


78*8 


5,000 


11*5 


5,600 


180 


6,250 


80-2 


7,000 


77*8 
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BosB Madder (Plate 6). 



UlTPADED. 


Faded. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4^00 


30-0 


51600 


22*5 


4,200 


45-5 


5,400 


34-0 


4,300 


31-0 


5,700 


32«5 


4,300 


45-5 


5,500 


380 


4,400 


32-0 


5,800 


49-0 


4,400 


45-0 


5,600 


42-5 


4,500 


31-0 


5,900 


58-0 


4,500 


451 


5,700 


48-0 


4,600 


27-0 


6,000 


65-0 


4,600 


46-0 


5,800 


54-0 


4,700 


22-6 


6,100 


700 


4,700 


41-5 


5,900 


58-5 


4,800 


20-5 


6,200 


730 


4,800 


37-3 


6,000 


63-0 


4,900 


19-8 


6,300 


77-0 


4,800 


34-2 


6,100 


67-5 


5,000 


18*5 


6,400 


78-6 


4,950 


34-0 


6,200 


71-5 


5,100 


18-0 


6,500 


79-6 


5,000 


82-7 


6,300 


74-2 


5,250 


17-2 


6,700 


800 


5,100 


33-0 


6,400 


75-0 


5,400 


18*2 






5,200 


33-0 


6,500 


73-8 


5,500 


19-0 






5,300 


33- 1 


6,700 


69*4 



t Scarlet Lake (Plate 6). 



Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


36*5 


5,000 


25*5 


5,700 


410 


6,800 


81-5 


4,400 


840 


6,150 


25*0 


5,800 


60*5 


6,400 


80*6 


4,600 


32-5 


5,200 


25*2 


5,900 


62*0 


6,500 


80*0 


4,600 


31*7 


5,800 


26*0 


6,000 


76*0 


6,800 


770 


4,700 


80-5 


5,500 


29*5 


6,100 


82 






4,800 


28*2 


5,600 


340 


6,200 


82*0 







* Venetian Eed (Plate 6). 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Beflected 

Light. 


4,200 


22-5 


5,000 


30*5 


5,700 


68*0 


6,200 


87*6 


4,300 


250 


5,200 


31-5 


5,750 


61*0 


6,300 


90-6 


4,400 


27*7 


6,300 


32«5 


5,800 


66*0 


6,400 


92*2 


4,600 


29*5 


5,400 


34-5 


5,900 


72*0 


6,.500 


93*3 


4,660 


30*0 


5,500 


89*5 


6,000 


78*6 


6,620 


94*0 


4)760 


30-0 


6,600 


47*0 


6,100 


83*5 
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* Burnt Sienna (Plate 7). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,850 


9-0 


6,100 


18-8 


5,800 


42-6 


6,400 


61-6 


4,500 


13-0 


5,200 


20-8 


5,900 


48-3 


6,500 


61'0 


4,600 


15-5 


5,300 


23*4 


6,000 


54*0 


6,575 


60-6 


4,700 


16-8 


5,400 


26-2 


6,100 


57-0 


6,600 


60-8 


4,800 


170 


5,500 


80*0 


6,20Q 


59-5 


6,700 


61-6 


4,900 


170 


5,600 


33-8 


6,300 


610 


6,800 


63-0 


5,000 


17-5 


5,700 


38-0 


6,375 


61-6 







Bbown Madder (Plate 7). 





UNPADHT). 






Fadbd. 




Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 

1 


Wave 
Length. 


Intensity 

of 
Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


4,350 


33-6 


5,600 


46-0 


4,350 


64*5 


5,600 


74-9 


4,500 


84*3 


5,700 


47-5 


4,500 


66-0 


5,700 


74-5 


4,700 


38-0 


5,800 


49-4 


4,600 


69 


5,800 


74-0 


4,800 


38-8 


5,900 


51-8 


4,700 


75-0 


5,900 


76*0 


4,900 


38-0 


6,000 


54-5 


4,775 


79-5 


6,000 


81-2 


5,000 


37-5 


6,200 


59-0 


4,800 


79-0 


6,100 


87-0 


5,150 


37-3 


6,300 


60-5 


4,900 


75-3 


6,200 


89-6 


5,300 


38-5 


6,500 


630 


6,000 


74-0 


6,300 


89-0 


5,400 


40-4 


6,700 


64*4 


5,200 


74-6 


6,500 


90*6 


5,500 


430 


6,800 


65 


5,400 


75-0 


6,600 


93*6 
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t Btjbnt Umbeb (Plate 7). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


34-6 


5,000 


45-6 


5,600 


62-0 


6,200 


75-8 


4,450 


36-0 


5,100 


480 


5,700 


66-5 


6,300 


76-8 


4,650 


36-0 


5,200 


50-2 


5,800 


70-5 


6,500 


79-0 


4,700 


37-3 


5,300 


52-0 


5,900 


72-0 


6,600 


80*6 


4,800 


40-0 


6,400 


54-0 


6,000 


73-4 






4,900 


42-8 


5,500 


57-5 


6,100 


74-7 







t Purple Madder (Plate 8). 



■rr 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



4,300 
4,400 
4,450 
4,500 
4,600 
4,760 
4,900 



15-2 


5,000 


16-0 


5,700 


240 


6,400 


16-2 


5,100 


16-3 


5,800 


26-6 


6,500 


17-2 


5,200 


17-2 


5,900 


30-7 


6,600 


16-7 


6,300 


18*4 


6,000 


350 


6,700 


16-5 


5,400 


18-8 


6,100 


39-5 


6,900 


15-6 


5,500 


20-0 


6,200 


43-5 




15-8 


5,600 


22-8 


6,300 


46-6 





49*5 
51*6 
530 
64-0 
54-0 



t Brown Pink (Plate 8). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,350 


8-6 


5,200 


22-5 


5,800 


34-0 


6,400 


45-6 


4,500 


11-0 


5,300 


24-0 


5,900 


36-2 


6,500 


46-5 


4,700 


14-6 


5,400 


26-3 


6,000 


38-5 


6,600 


47*0 


4,800 


16-0 


5,500 


28-2 


6,100 


40-8 


6,700 


47-6 


5,000 


19-4 


5,600 


30- 


6,200 


42-5 


6,800 


48-0 


5,100 


21-0 


5,700 


320 


6,800 


440 


6,850 


48-0 
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t Sepia (Plate 8). 



Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 

Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4,300 
4,400 
4,500 
4,550 
4,700 


9-0 
11-8 
12-5 
13-0 
12-3 


4,750 
4,800 
5,000 
5,200 
5,300 


12-0 
12-3 
12-5 
13-5 
14-0 


6,500 
5,600 
5,700 
5,800 
6,000 


13-5 
13-5 
14-2 
15-0 
26-5 


6,200 
6,300 
6,500 
6,600 


27-0 
27-0 
26-5 
26-2 



t Violet Carmine (Plate 8j. 



Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 
Beflected 
. Light. 


Wave 

Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4,300 


14-0 


5,250 


10-7 


6,000 


15-5 


6,600 


44-7 


4,500 


14-5 


5,360 


10-5 


6,100 


23 '0 


6,700 


46-6 


4,750 


18-6 


5,500 


10«5 


6,250 


34*0 


6,800 


47-0 


6,0C0 


12-0 


5,750 


ll-O 


6,300 


36-5 






6,100 


11-0 


5,900 


12-6 


6,500 


42*6 







Crimson Lake 


AND Antwerp Blue (Plate 9). 


Ufpaded. 


Paded. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


Wave 
Length. 


Intensity 

of 

Beflected 

Light. 


4,200 


44*5 


6,000 


43-0 


4,200 


62-5 


5,700 


53-0 


4,400 


49-0 


6,200 


44-0 


4,300 


63-8 


6,800 


49-0 


4,575 


53-0 


6,400 


43-5 


4,400 


63-5 


5,900 


45*6 


4,700 


50-5 


6,600 


42-5 


4,500 


64-0 


6,000 


43-0 


4,800 


46-8 , 


6,800 


40-7 


4,600 


68-0 


6,200 


39-0 


4,900 


44-8 


6,900 


39*6 


4,750 


72-3 


6,300 


37-2 


5,000 


430 






4,900 


71-6 


6,400 


360 


5,200 


42-0 






5,000 


70-0 


6,500 


35-2 


5,400 


41-5 






6,200 


67-6 


6,700 


33-5 


5,600 


41-6 






5,400 


68-0 


6,900 


81-0 


5,800 


42-3 






5,500 


60*5 
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Rose Madder and Raw Sienna (PJate 9). 



Uhfaded. 



"Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 
Reflected 
Light. 



Faded. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



4,300 
4,400 
4,500 
4,600 
4,700 
4,800 
4,900 
5,000 
5,100 
5,200 
6,300 
5,400 



29-0 


5,500 


29*5 


5,550 


31-0 


5,600 


330 


5,700 


32-2 


5,800 


31-5 


5,900 


29-2 


6,000 


26*5 


6,100 


25-0 


6,200 


29-5 


6,300 


33-5 


6,500 


34*5 


6,800 



35-5 
36-0 
37-0 
50-0 
63-0 
81-0 
76-0 
79-5 
82-0 
83-6 
85-0 
85-0 



4,300 


29-5 


5,400 


4,400 


30-8 


5,500 


4,500 


32*5 


5,600 


4,575 


33-5 


5,700 


4,700 


31-6 


5,800 


4,800 


30-5 


5,900 


4,900 


30-0 


6,000 


5,000 


28-0 


6,100 


5,075 


26-0 


6,200 


5,100 


26-4 


6,400 


5,200 


31-6 


6,600 


5,300 

1 


350 


6,800 



35-5 
38-0 
45-0 
54-0 
63-0 
68-0 
71-5 
74-2 
76-0 
78-4 
79-5 
80-0 



Indian Red and Indigo (Plate 10). 



Unfadbd. 


Faded. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,200 


28-5 


5,900 


34*5 


4,250 


87-5 


5,600 


54-6 


4,500 


33-5 


6,000 


34-6 


4,400 


41-5 


5,700 


56-0 


4,600 


850 


6,200 


34-3 


4,500 


43-6 


5,900 


58-3 


4,700 


36-0 


6,300 


83-6 


4,700 


45-5 


6,000 


590 


4,750 


35-5 


6,500 


33*0 


4,900 


47-0 


6,200 


60*7 


4,900 


34*2 


6,800 


33-0 


5,000 


47-5 


6,400 


62-3 


5,000 


83-4 






5,200 


49-2 


6,500 


630 


5,200 


33-0 






5,300 


50-0 


6,700 


64-6 


5,500 


38*5 






5,400 


51-2 


6,900 


66-4 


5,700 


33-9 






5,500 


530 
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Venetian Red and Fndigo (Plate 10). 





ITnpaded. 




Wave 
Length. 


Paped. 


^ 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 
of 1 
Reflected 
Light. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


23-3 


5,700 


28-0 


4,250 


27-0 


5,700 


46'0 


4,500 


25-5 


5,800 


28-0 


4,300 


28-0 


5,800 


49*5 


4,700 


27-8 


6,000 


28-3 


4,500 


31-5 


5,900 


520 


4,800 


27-5 


6,200 


29-3 


4,700 


34-2 


6,000 


530 


4,900 


27*0 


6,300 


30-0 


4,800 


35-0 


6,200 


54-5 


5,000 


26-8 


6,400 


31-0 


5,000 


85-6 


6,300 


550 


5,100 


26-5 


6,500 


31-6 


5,200 


36-5 


6,400 


55-6 


5,200 


26*8 


6,600 


31-2 


5,300 


37-2 


6,600 


56*0 


5,400 


27-0 


6,700 


30-0 


5,400 


38-2 

• 


6,700 


56-7 


5,500 


27-5 


6,900 


27*2 


5,500 


40-0 


6,800 


57-2 


5,600 


27*8 






5,600 


440 


6,900 


57-8 



t Indian Yellow and Rose Madder (Plate 10). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


11-0 


5,200 


11-5 


5,800 


41-0 


6,500 


73-5 


4,500 


12-6 


5,300 


12-6 


5,900 


49*5 


6,600 


74 -X) 


4,700 


13-8 


5,400 


14-8 


6,000 


57-0 


6,800 


73-0 


4,800 


12-8 


5,500 


17-8 


6,200 


68-0 






4,900 


11-6 


5,600 


23-2 


6,300 


71-4 






5,050 


10-8 


5,700 


31-8 


6,400 


72-6 
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\^ 



t Gamboge (Plate 11). 



Wave 
Length. 


Intensity 

' of 
Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 

60-5 


Wave 
Length. 

6,200 


Itensity 

of 

Reflected 

Light. 


4,275 


15-0 


4,650 


18-5 


5,300 


•81-7 


4,300 


14-5 


4,750 


21-5 


5,400 


67-5 


6,350 


82-4 


4,375 


13-7 


4,900 


28-5 


5,500 


730 


6,500 


82*6 


4,500 


160 


5,000 


36-5 


5,700 


75-5 


6,700 


82-8 


4,550 


17-5 


5,200 


'53-5 


5,900 


78-5 


6,800 


83-0 


4,600 


18-0 


5,250 


57-5 


6,000 


80-0 







t Indian Yellow (Plate 1 1). 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

ReBected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


18-5 


4,900 


54-5 


5,600 


77-7 


6,300 


89-0 


4,300 


21-5 


5,000 


58*5 


5,700 


79-3 


6,400 


91'5 


4,400 


27-0 


5,100 


62-5 


5,800 


80-3 


6,500 


93-5 


4,500 


32-6 


5,200 


66-0 


5,900 


81-0 


6,600 


95-0 


4,600 


38-6 


5,300 


69-6 


6,000 


82-6 


6,700 


96-3 


4,700 


43*8 


5,400 


72'6 


6,100 


84-3 


6,900 


98-0 


4,800 


49'0 


5,500 


75-4 


6,200 


86-5 







t Cadmium Yellow (Plate 11). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 
Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Int^ensity 

of 

Reflected 

Light. 


4,200 


21-5 


5,000 


42-0 


5,600 


88-5 


6,200 


92-0 


4,400 


22'5 


5,100 


49*5 


5,700 


91-5 


6,300 


89-5 


4,500 


23-5 


5,200 


57-5 


5,800 


93-5 


6,400 


86-7 


4,700 


28-0 


5,300 


65-0 


5,900 


94-6 


6,500 


84-0 


4,800 


32-0 


5,400 


73-0 


6,000 


95-0 


6,750 


770 


4,900 


37-0 


5,500 


80-5 


6,100 


94-0 







■ / 
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* Yellow Ochre (Plate 11). 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Ligfht. 


Wave 
Length. 


Intensity 

of 

Iteflected 

Light. 


4,375 


15-5 


4,900 


25-5 


5,500 


67*5 


6,200 


78-0 


4,500 


21-5 


5,000 


29-3 


5,600 


75-5 


6,300 


77*5 


4,550 


21-6 


5,100 


34-0 


5,750 


79-5 


6,400 


77-5 


4,600 


21 


5,200 


40-5 


5,800 

• 


80-0 


6,550 


77-5 


4,750 


21-7 


5,300 


49-0 


5,900 


79-5 


- 




4,800 


23-0 


5,400 


690 


6,000 


79-0 




0. 



* Chrome Yellow (Plate 12). 





Intensity 




Intensity 




Intensity 




Wave 


of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light, 


Length. 



Intensity 

of 
Reflected 
Light. 



4,350 
4,500 
4,600 
4,700 
4,750 
4,800 
4,900 



30-0 


5,000 


68-5 


5,600 


94-5 


6,400 


30-7 


5,100 


76-5 


5,750 


89-5 


6,500 


32-5 


5,200 


80-5 


5,870 


87-0 


6,700 


37-5 


5,300 


86-5 


6,000 


89-5 


7,000 


44-5 


5,400 


91-5 


6,100 


91-0 




61-5 


5,500 


95-0 


6,200 


92-0 




61*5 


5,550 


96-0 


6,300 


92-0 

















91-5 
91-0 
89*5 
87*7 



t Naples Yellow (Plate 12). 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,300 
4,400 
4,500 
4,600 
4,700 


44-5 
43-3 

42-7 
43*0 
45-0 


4,800 
4,900 
5,000 
5,100 
5,200 


48-3 
53-7 
60-0 
67-5 
76-0 


5,300 
5,400 
5,500 
5,600 
5,700 


83-8 
90'0 
94'0 
96-5 
98*2 


6,000 
6,200 
6,500 
6,800 
6,850 


100*0 
99-8 
97'3 
92-0 
90-5 
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t AuBEOLiN (Plate 12). 



Ware 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 
Reflected 
Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


4,250 


15*0 


4,800 


25 


5,400 


8S'0 


6,150 


980 


4,350 


180 


4,900 


33-0 


5,500 


89-0 


6,300 


98-5 


4,400 


14-0 


5,000 


42-0 


5,600 


92-7 


6,400 


94-0 


4,500 


15-7 


5,100 


530 


5,700 


93-5 


6,500 


94*6 


4,600 


16*2 


5,200 


65-0 


5,800 


94*0 


6,620 


96*0 


4,700 


190 


5,800 


75-5 


6,000 


98*5 







Five Shades of Raw jSibnna (Plate 13). 

No. 1. 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light 


Wave 

Length. 


Intensity 

of 

Reflected 

Light 


Wave 
Ijength. 


Intensity 

of 

Reflected 

Lif^t 


4,800 
4,400 
4,500 
4,700 
4,900 


10-0 
14*5 
16*5 
190 
28*0 


5,000 
5,100 
5,200 
5,800 
5,500 


25-5 
28*5 
320 
37*0 
50*0 


5,600 
5,700 
5,800 
5,900 
6,000 


58*0 
64*0 
67*5 
69-5 
71*0 


6,200 
6,500 
7,000 


72*4 
73-2 
78*5 



No. 2. 



Wave 
Length. 



4,800 
4,400 
4,500 
4,600 
4,700 
4,800 



Intensity 

Reflected 
Light 



Wave 
Length. 



Intensity 

of 

Reflected 

Light. 



Wave 
Length. 



Intensity 

of 

Reflected 

Light 



Wave 
Length. 



Intensity 

of 

Reflected 

Light 



19*5 


4,900 


34*0 


5,500 


61*5 


6,200 


24*0 


5,000 


360 


5,600 


68*5 


6,500 


27*8 


5,100 


39*0 


5,700 


73-2 


7,000 


29*2 


5,200 


43*5 


5,800 


77-0 


« 


30*5 


5,300 


47*5 


5,900 


78*5 




820 


5,400 


53-0 

• 


6,000 


79-5 





80*5 
810 
81-3 



A 54947. 



E 
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Five Shades of Raw Sienna— cofif. 

Na3. 





Intensity 




Intensity 




Intensity 




Wave 


' of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Reflected 
Light 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 



4,900 
4,400 
4,500 
4,700 
4,800 



28 


4;900 


43-5 


5,500 


71 


6,000 


32*5 


5,000 


47-5 


5,600 


77-5 


6,200 


34-6 


5,100 


60-8 


5,700 


82-5 


6,500 


37-4 


5,200 


54*6 


5,800 


86*2 


7,000 


40-7 


5,400 


66-0 


5,900 


88*8 





intejjrity 

Reflected. 
Light 



90-5 
91-5 
91-5 
91-5 



No. 4. 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Refleoted 

Light. 


Wave 
Length. 


Intensily 

of 

Reflected 

Light 


4,300 
4,500 
4,700 
4,800 


85-0 
40-5 
45-5 
49-0 


5,000 
5,200 
6,400 
5,500 


57-0 
65-5 
77-0 
83-0 


5,600 
5,700 
5,800 
5,900 


87-5 
90-6 
92*6 
93*6 


6,000 
6,300 
6,500 
7,000 


94*5 
95-5 
95-5 
95-5 



No 5. 





Intensity 




intensity 




Intensity 




Wavo 


of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Rifle ted 
Light 


Length. 


Reflected 

Light. 


Length. 


Reflected 
Light. 


Length. 



4,300 


39*5 


5,000 


61-5 


5,C00 


93-2 


6,200 


4,f00 


44-5 


5,200 


72'3 


5,700 


950 


7,000 


4,700 


50 


5,400 


85-0 


5,900 


97-3 




4,800 


53-2 


5,600 


90-0 


6,000 


980 


1 



Intensity 

of 
Reflected 

Light. 



98-0 



980 
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Thbeb Shades of Prussian Blxtb and Chinese White 

(Plate 14). 

No. 1. 



Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 
Reflected 
Light. 


Wave 

Lengtli. 


[nteusity 

of 

Reflected 

Light. 


4,300 


49-0 


4,700 


51-0 


5,700 


18-8 


6,700 


7-8 


4,400 


51-0 


4,900 


43-4 


5,800 


16-5 


7,000 


7-0 


4,.500 


53-5 


5,200 


35-0 


6,000 


12-8 






4,550 


54-0 


5,400 


28*3 


6,400 


8-4 






4,600 


53-5 


5,600 


22'0 


6,500 


80 







No. 2. 





Intensity 




Intensity 




Intensity 




Wave 


of 


Wave 


of 


Wave 


of 


Wave 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 


Reflected 
Light. 


Length. 



Intensity 

of 

Reilected 

Light. 



4,300 
4,400 
4,500 
4,600 
4,700 



51-5 


4,800 


62-0 


5,900 


25-5 


6,700 


54-0 


5,000 


56-6 


6,000 


23-2 


7,000 


68-0 


5,300 


47*0 


6,400 


17-0 




620 


5,500 


40-0 


6,600 


16-0 




63-3 


5,800 


28-0 


6,600 


15-0 





14-2 
12-8 



No 3. 



Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 
Length. 


Intensity 

of 
Reflected 
Light. 


Wave 
Length. 


Intensity 

of 

Reflected 

Light. 


Wave 

Length. 


Intensity 

of 

Reflected 

Light. 


4,300 


61-0 


5,000 


71*6 


5,900 


41-6 


6,600 


31-0 


4,400 


66-0 


5,200 


66*8 


6,000 


39-0 


6,800 


29-7 


4,600 


71-5 


5,400 


61-0 


6,100 


36-5 


7,000 


29-0 


4,700 


73-5 


5,600 


53-5 


6,200 


350 






4,800 


74-0 


5,700 


49*0 


6,400 


32*4 






4,900 


73-5 


5,800 


45*3 


6,500 


31-6 







E 2 
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The original cunres were made on the scale given by the 
prisms used, but fpr convenience they have been converted 
into the normal wave-length scale. The tables which 
precede each diagram are the tables of the intensities of the 
different colours of the spectrum reflected from the various 
pigments, the intensity of* those reflected from a white 
surface being taken as 100. Thus if we turn to Plate I. 
and look at ti)e curve for carmine, we find that in the red 
at wave-length 6,000 it reflects 67 of light ; that is, it 
rt'flects 67 °/o of the light which a white surface reflects. 
Again in Prussian blue at wave length 4,600 it reflects 68 of 
light, which is equivalent to saying that it reflects 68 ^j^ of 
that reflected from a white surface. 

It may here, be well to point out that the true colour of the 
pigment can be ascertained by drawing a line parallel to the 
base of the curve and touching the lowest point in it This 
abstracts from the curve of intensities all the white light 
ri'flected from the surface of the particles, leaving only the 
interisitics of the rays which go to form the true colour. 
Curves of At j)nge 18 has been given the curves of the light 

u^aia^! ^^ transmitted through red, green, and blue glass at different 

|Murts of the spectrum. 

The following table gives the heights of the curves at any 
point of the spectrum. 

The light before its passage being taken as 100. 



blue glass. 



Rbd Glass. 


Green Glass. 


Blub Glass. 


Scale 
Number. 


Intensity. 


N^i^r. ; ^^"^'y- 


Scale 
Number. 


Intensitj. 


0-5 


85 


2 


0*3 


0-8 


4-2 


1 


35 


3 


10 


1-8 


3-4 


2 


83-5 


4 


80 


2*3 


21 


3 


30 


5 


6-3 


2-8 


0-5 


4 


19 


6 


10-7 


3-8 


1-1 


4 5 


14 


7-5 


15-0 


5*0 


0*0 


5 


10 


•* 
i 


15-5 


6*0 


2-0 


(» 


6 


8 


16-0 


6-5 


2-5 


7 


3 


9 


14'0 


70 


1-0 


7-> 





10 


10*5 


8-0 


10 






11 


8-0 


9-0 


1-0 






12 


6«0 


10*0 


2-0 






13 


50 


11-0 


40 






14 


4-0 


12-0 


12-0 






15 


2-7 


13-0 


230 






16 


1-7 


14*0 


34-0 






18 


00 


15-0 


45-0 






1 


16-0 


56-0 










17'0 


62-0 










18'0 


65-0 



r 
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APPEI^IX II. 

In reference to the calculations which have been given Calculations 
regarding the Talue of the intensities of the blue rays in of the intensity 
sunlight and skylight, the following results will be of ^^*""'*^^'' *''*• 
interest. 

Experiment has shown that the white hot crater in the 
positive carbon pole of the electric light always emits the 
same quality of light with great constancy, and therefore is 
a very convenient standard of light to use, since the blue 
rays are present in great abundance in it. 

The light from this source was by proper means reduced 
to the light of one candle, and at one foot distance from the 
photometer, the blue rays were found to have a value of 
3*627 units of an empyric standard. 

Sunlight on a surface held normally to the direcdiion of the 
beam on the 2l8t May near midday, the sky being very clear, 
had a value of 1 9,900 of these same units, which is equivalent 
to saying that it had a value of 5,480 candles at 1 foot off 
the surface as measured by the blue rays. 

In text books it is said that sunlight has an illuminating 
power equal to about 5,600 candles at one foot distance 
from a surface, but it is not stated at what time of the day 
or year this value was obtained. As the proportion of blue 
rays in sunlight near midday in May is very nearly the 
same as in the standard light employed, it would appear 
that the text book value is almost identical with our 
estimate. 

The scale of units of work was obtained by taking em- 
pyrically that one candle (of the quality electric light) 
performed 3'627 units of work in 30 minutes. This makes 
sunlight of the quality of that measured* near midday on 
the 21st May perform 19,900 units in the same time. The 
candle power in the above table was derived from the units 
of workf performed during the whole of daylight. 

The following figure gives a measure of the candle power yahteofsun- 
of sunlight falling on a vertical surface in the same position Kght falling on 
as that in which the pigments were exposed on the 21st vertical aur- 
day of each month. The absorption by the atmosphere of •'"^* 
these rays has been taken as *6 for each atmosphere 
traversed, an estimate which careful observations, carried 
on for a long period, shows to be the mean absorption value, 
one atmosphere being taken as the height traversed by a 
beam of light were the sun vertical. To prevent confusion 
in the figure the scale of the intensity has been multiplied 
by three, the unit being 100 ; hence at any time of day 
the candle power of the blue light measured from the 
curves can be obtained by dividing the ordinate of the 



Curve by three. Thus at.9 a.ni. oa the 2l8t of Augaet the 
height of the curve is 7,S60 ; this gives a candle power 
of sunlight at that day and hour of 2,620. 

Fig. xir. * ^'' ^ " 



The following table gives the numerical results of the 
digram;' As before smA these have been multiplied hy 
three in the Utter. 

Illdmihaiing Value in Candles op Sunlight falling 
ON A Veetical Sdreace facing 20° E. of N. 





^ 


J,. 


..S.. 


.1. 


X. 


-.t. 


.S. 


Ji. 


,™. 


I 


2 
pjn. 


B 
pan. 


4 


Jan. 21 










„ 


280 


1,090 


1,530 


~ 


1.370 


730 


130 





Feb. a 








0. 


£S0 


1.390 


2.S00 


2,820 


2,740 


2,340 


1,*30 


631 


59 


M*r.21 









SIS 


1,350 


MSO 


3400 


8,8*0 


3,240 


2,830 


1.740 


910 


IN 


Apr.gl 






95 


•m 


1.7B0 


WM 


M80 


3,3« 


3,100 


2.«0 


\m 


460 





Mwa 






ira 


m 


1.T0« 


11*10 


2,890 


3,010 


3.890 


3,100 


im 


320 





Jane SI 






160 


m 


IfHO 


2.410 


2,730 


3,800 


2,610 


2,000 


1.080 








Jnlj-a 






183 


860 


1,700 


2,410 


S,S90 


S.010 


3.690 


3.100 


1,330 


S20 





AnK.H 






es 


•m 


1,790 


2.880 


S,I80 


3,310 


3.100 


2,460 


i.reo 


6*0 





Sept.31 









313 


L360 


2350 


3,100 


3,320 


3,240 


2.630 


1,7W 


eio 


160 


Oct. 21 











2S0 


1,300 


3,300 


3,820 


2,740 


z&m 


1,420 


631 


w 


KOT.fll 













2fl0 


1,090 


IWO 


U20 


1.370 


780 


130 





Deca 















»1 


m 


urn 


1,100 


BM 


13 


" 



The amount of loss of illunuDatioii due to the aur&ce 
being vertical and not nonnal to the direction of the beam 
of Hgbt will be shown hj taking as an example Angust 2lBt. 



— 


Sa.m. 


6 a.m. 


Ta.m. 


8 a.m. 


9«.m. 


10 B.ID. 


nam 


Ang.ai 


180 


I,5fi0 


3,000 


4,040 


4,640 


5,180 


5,480 
















Noott. 


1 p.m. 


..2 p.m. 


3 p.m. 


4 p.m. 


5 p.m. 


6 p.m. 


7 p.m. 


5^0 


S^60 


,5.180 


4,640 


4,040 


3.000 


1,550 


180 



The above tables 
values. It should be 
fdso beeu taken aa 
November, February 
April and October, 
quite exac^ but will 
results. 

The total units of 
during the whole day. 



are close approximations to the true 
stated that the sun's declination has 

equal on the 2lBt of January and 
and October, March and September, 

and May and November. This is not 

make no practical difference in the 

work which sunshine would perform 
supposing the sky cloudless, is found 

Fig. XIII. 



by taking the areas of these curves. Fig. XIII. shows the 
vork in the units we have adopted, but multiplied by three 



72 



for every portion of the year, the units being the height of 
the curves. It will be seen that from the beginning of 
March to the end of September the work performed is very 
much greater than in the remaining portions of the year. 



Appendix IIL 



Value of the The following table gives the mean light expressed in 
'*^fl«^ai candle power at a distance of one foot from the object and 
^So^MKensing- measured by the blue rays falling on the wall of one of the 
ton Museum. South Kensington galleries. The values are deduced from 

measurements made during the whole day on various days 
in March 9 April, May, and June. The various galleries 
in the Museum differ very slightly in the quantity of light 
which falls on the walls. 



Value of Light in the Gallebt. 



Date. 


Mean 
Candle 

TIIiiTninA- 


Units of 
Work daring 


Date. 


Mean 
Candle 

T11nniiffi&- 


Units of 
Work during 




AA ft mil im» 

tion. ' 


thewholeDay. 




AaAIIlilllMi'^ 

tion. 


the wholeDay . 


March 23 


3-57 


364 


May 1 


21*4 


2,640 


S4 


6*25 


605 


2 


18*0 


2,218 


25 


9-53 


965* 


3 


28*5 


3,502 


26 


16*00 


1,625 


4 


26*8 


3,388 


27 


8-4 


859 


5 


27*8 


4,560 


28 


13-4 


1,415 


6 


30 


365* 


29 


13-0 


1,396 


15 


200 


2,628 


30 


4-0 


420 


16 


22*5 


2,925 


31 


10-3 


1,121 


17 


36*2 


4,740 


April 1 


4-4 


480* 


18 


28*5 


9,600 


2 


14*2 


1,912 


26 


9*8 


1,260 


3 


3*8 


1,500 


27 


41 


564* 


4 


4-8 


523 


28 


10*8 


1,400 


5 


8-4 


921 


29 


16*0 


2,180 


6 


8*6 


938 


30 


26-3 


3,600 


7 


10*6 


1,167 


31 


19*2 


2,626 


8 


3-7 


430* 


June 1 


16*0 


2,220 


9 


15-7 


1,708 


2 


17*4 


2,420 


10 


10*5 


1,153 


3 


8-6 


1,200* 


11 


15-8 


1,724 


4 


131 


1,813 


19 


12*8 


1,498 


5 


2*2 


3,i60 


20 


28*8 


3,350 


6 


9*8 


1,230 


21 


31*2 


3,660 


7 


240 


3,460 


22 


1*2 


136* 


8 


23*4 


3,300 


26 
27 


26*5 
36*8 


3,230 
4,200 


10 
11 


\ 11*7 


3,300 


28 


14*1 


1,789 


12 


28*0 


4,200 


29 


4*0 


487* 








30 


10*0 


1,334 






i 


Those 


dates marked with 


(•) are 


Sundays, 


when the 


blinds in 


the gallei 


ries are clos 


ely drawB 


I. 


1 



Appendix IV. 

The Science and Art Department invited some of the most 
distinguished artists who used water colours to furnish a 
list of the colours which they employed : 46 responses were 
received to the invitation^ and the following is a tabulated 
list of the colours used. 

For convenience, a distinguishing number has been allotted 
to each of the artists from whom a list of colour's has been 
received, and the colours used by each artist are iudicatcd 
by means of this distinguishing number. 



LIST OF COLOUES INDICATINa THE 
NUMBER OF ARTISTS BY WHOM THEY 
ARE USED. 



.o to d 



1 

2 
3 
1 
1 
11 
14 

1 

1 

1 

30 



6 
9 



Colours. 



fiLACK. 

Asphaltum 
Black - 
Blue Black • 
Charcoal 
Graphito . 
Ivory Black 
Lamp Black - 

Neutral Tint 
Persian Black 
Roman Sepia 
Sepia •• 



Warm Sepia 



BLUE. 

Antwerp Blue * 

Azure Blue (or Ceruleum) 

Ceruleum (or Azure Blue) 
54947, 



Distinguishing Number of 
Artist. 



27. 

13, 26. 
5, 20, 27. 
17. 
27. 
8,12, 



17. 

27. 

8, 12, 14, 27, 28, 30, 33, 38, 40, 42, 46, 

1, 8, 4, 7, 10, 12, 18, 21, 23, 25, 31, 36, 

89,43. 
42. 
34. 



2, 4, 12, 18, 30, 38. 

10, 16, 22, 23, 28, 31> 39 (Newman's) 

40, 41. 
[See above.] 



7* 



•a-s a 

SCO 



Colours. 



Distingaishm^ Number of 
Artist. 





BLUE— continued. 




45 


Cobalt ... - 


1, 2, 3, 4, 5, 6. 7,8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 20, 21, 22, 23, 24, 26, 
26, 27, 28, 29, 30, 31, 32 33, 34, 35, 
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 




k 


46. 


8 


Cjanine Blue 


7. 11, 22,23,27,29,33.39. 


5 


French Blue - 


5,9, 12, 16,81. 


18 


French Ultramarine 


[See under Ultramarine.] 


24 


Indigo - - . 


3, 4, 6, 10, 11, 12, 14, 16, 17, 19, 23, 
24, 25, 30, 31, 34, 37, 39, 41, 42, 43, 
44, 45, 46. 


2 


Leicht*8 Blue 


24, 25. 


16 


Prussian Blue 


4,7, 8, 10, 12, 13, 14, 17, 21, 28, 32, 36, 
39, 42, 43, 44. 


2 


Smalt 


15, 21. 


15 


Ultramarine (Real) 


1, 7, 12. H; 17, 18, 21, 27, 28, 35, 37, 
39, 40. 42, 46. 




„ (French) - 


3, 6, 7, 14, 15, 18, 20, 25, 28, 29, 30, 33, 
34, 36, 38, 39, 40, 46. 


18 


Ultramarine Ash - 


2, 3, 4, 7, 12, 14, 15, 21, 22, 27,30, 83, 
34, 35, 40, 43, 45, 46. 


1 


„ (Blue) - 


11. 


1 


„ (Grey)- 
BROWN. 


11. 


2 


Bistre - . . 


34, 39. 


33 


Brown Madder 


[See under Madders.] 


3 


„ Ochre 


'See under Ochres.] 


41 


Burnt Sienna 


[See under Siennas.' 
See under Umbers.' 


18 


„ Umber 


2 


Cologne Earth 


7, 12. 


38 


Raw Sienna 


'See under Siennas.] 
See under Umbers.] 


26 


„ Umber - - - 


2 


Turner Brown - 


11, 27. 


33 


Vandyke Brown 


1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 13, l.**, 16. 




17, 18, 20, 22, 23, 25, 26, 30, 31, 32, 






35, 36, 38, 89, 40, 42, 43, 44, 45, 46. 




GRKEN. 


5 


Emerald Oxide of Chro- ; 3, 4, 15, 21, 32. 




roinm. 


13 


Emerald Green - - i 5, 6, 7, 10, 12, 22, 24, 30, 33, 36, 38, 3S, 






46. 


7 


Oxide of Chromium 


3, 6, 15, 20, 30, 33, 38. 


6 

1 


„ „ (Trans- 
parent.) 


7, 23, 27, 36, 40, 46. 


4 


„ (Opaque) 


7, 27, 36, 40. 


5 


Olive Green 


6,12,29,31,32. 


11 


Torre Verte 


7, 11, 22, 23, 30, 34, 35, 30, 40, 44, 4«. 


3 


Veronese Green 


26,31,40. 


4 


Cobalt Green 


23, 26, 33, 34. 


1 


Transparent Green - 


33. 


5 


Viridian - - - 


10, 1.5,20,40,41. 


1 


Mincelianeous kinds 


40. 






r 
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•g ft^'i 



S^ 



B 



o 

■g 



Colours. 



Distinguishiiiff Number of 
ArtiBt* 



3 
3 
1 



18 

1 
23 

7 
8 
1 
4 
32 



1 
U 



GREY. 

Charcoal Grey - 
Payne's Grey - 
Ultramarine Ash (Grey) 



RED. 



6 


Brown Pink 


4 


Carmine 


10 


Crimson Lake - 


1 


Deep Madder - 


1 


Deep Rose 


9 


Indian Red 


34 


Light Red 


1 


Madder Carmine 


5 


„ Lake - 


2 


Mars Red 


3 


Orange Vermilion 


1 


Permanent Crimson 


3 


■1, Scarlet 


9 


Pink Madder - 


3 


Puiple Lake - 


34 


Rose Madder 


1 


Scarlet 


1 


„ Lake 


4 


„ V ermilion 


12 


Venetian Red - 


31 


I, Vermilion 


4 


„ (Extract of) 



YELLOW. 

Aureolin 

Burnt Roman Ochre 
Cadmium 

„ (pale) 

„ (deep) • 

„ Orange 

Chrome ■ 

Gamboge 



Golden Ochre 
Indian Yellow 



3, 14, 16. 

34, 45, 46. 

[See under Blue] 



12, 19, 37, 39, 42, 45. 
9, 16, 32, 39. 

13, 16, 24, 25, 31, 37, 31^ 41, 42, 45. 
[See under Madders.] 

34. 

7, 12, 16, 29, 31, 34, 35, 38, 39. 

1, 2, 3, 5, 6, 7, 9, 10, 15, 16, 17, 18, 19, 
20, 21, 23, 24, 25, 26, 27, 28, 29, 32, 
34, 35, 36, 38,89,40,42, 43, 44, 45,46. 

[See under Madders.] 

7,33. 

24, 31, 46. 

28. 

9, 23, 37. 

[See under Madders.] 

8, 12, 24. 

[See under Madders.] 

9. 

12. 

5, 11, 12,45. 

4, 7, 12, 13. 14, 22, 30, 31 , 33, 84, 40^ 46. 

I, 2, 3, 4, 7, 8, 10, 12, 13, 14, 15, 17, 19, 
20, 21, 25, 26, 27, 29, 30, 31, 34, 35, 
36,38,39,40,41,42,43,44. 

15, 18 (Fields), 22 (Fields), ^8. 



3, 7, 10, 11, 19, 20, 23,25, 27,29,30,31, 

32, 33, 34, 40, 43, 41. 
[See under Ochres.] 

2, 3, 4, 7, 9, 1 1, 12, 15, 18, 20, 22, 26, 28, 
30, 31, 33, 37, 38, 39, 40, 42, 44, 46. 

3, 23, 25, 26, 27, 34, 43. 

3, 11,23,26,37,34,36,43. 

24. 

8, 16, 39, 41. 

2,4, 6,7,9, 10, 12, 14, 15, 16, 17,21,22, 
23, 24, 25, 28, 29, 30, 31, 32, 35, 36, 
37, 38, 39, 41, 42, 43, 44, 45, 46. 

[See under Ochres.] 

5, 10, 13, 16, 23, 81, 32, 84, 39, 44, 46 
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Colours. 



Distingaishiog Number of 
Artist 



22 



2 
1 
1 
2 
1 
1 
11 
42 
5 
1 



12 

1 



33 



1 
I 
5 

9 

13 

4 
34 



4 
5 
1 



YELLOW^-conHrmed. 

Lemon (or permanent) 
Yellow. 

Mars Orange 

„ Yellow - 
Matrise Yellow - 
Naples Yellow - 
Orange Chrome • 

„ Ochre - 
Boman Ochre 
Yellow Ochre - 

Madder - 

Mars - 



» 



>» 



VIOLBT. 
Maddox Brown's Violet - 



WHITE. 

Chinese White 
Windsor and Newton's 
White. 



MADDERS. 
Brown Madder - 



Carmine Madder 
Deep Madder - 
Madder Carmine 

' „ Lake 
PinkMaddei • 
Purple 



Bed 
Rose 



9* 

n 



» 



Bubens 

Yellow „ . . 

Madders (not otherwise 
defined). 



2, 3, 5, 7, 9, 11, 15, 20, 21, 22, 23, 25, 26, 
27, 30, 31, 33, 35, 36, 39 (Lemon 
and Newman*8 Permanenf), 44, 46. 

32, 33. 

27. 

28. 

16, 30. 

6. 



} 



[See under Ochres.] 



[See under Madders.} 
14. 



30. 



3, 7, 10,11, 12,14,22,27,29, 30, 31,35. 
37. 



2, 4, 5, 6, 7, 10, 12, 14, 16, 17, 18, 20, 81, 
23, 24, 25, 27, 28, 29, 31, 32, 33, 34, 
35, 36, 39, 40, 41, 42, 43, 44, 45, 4 6. 

[See Madder Carmine.] 

9. 

43. 

7, 21, 23, 83, 39. 

7, 9, 10, 12, 17, 23, 30, 35, 46. 

8, 11, 17, 25, 27, 29, 32, 33, 34, 89, 42, 
43, 45, 46. 

1, 17, 27, 28. 

2, 4, 5, 6, 7, 8, 9, 11, 12, 14, 15, 16, 18, 
19, 20, 22, 25, 26, 27, 28, 29, 30, 31. 
32, 33, 34, 36, 37, 38, 40, 42, 43, 44, 
45. 

11, 23, 26, 40. 
10, 19, 26, 29, 32. 
3. 
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3 

1 

1 

1 

11 

42 



41 



Colours. 



Distingaishioff Number of 
Artist. 



OCHRES. 

Brown Ochre 
Burnt Boman Ochre 
Orange Ochre 
Golden Ochre 
Uoman Ochre 
Yellow Ochre 



The Ochres (not otherwise 
defined). 



SIENNAS. 
Burnt Sienna 



38 


Baw Sienna 


I 


The Siennas (not otherwise 
defined). 




UMBERS. 


18 


Burnt Umber 


26 


Raw Umber 


2 


The Umbers (not other- 
wise defined). 



3, 27, 34. 

17. 

S3. 

45. 

7, 12, 15, 17, 24, 25, 28, 29, 34, 38, 45. 

2, 3, 4, 5, 6, 7, 8, 9, 10. 11, 12, 13, 14, 15, 
16, 17, 18, 20, 21, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 
38, 89, 40, 41, 42, 43, 45, 46. 

1. 



8, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 20, 21, 22, 28, 24, 26, 26, 27, 
28, 29, 30, 31, 32, 83, 34, 35, 36, 37, 
38, 39, 40, 41, 42, 44, 45, 46. 

2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 80, 82, 34, 35, 38, 40, 41, 
42, 48, 44, 45, 46. 
1. 



3, 7, 12, 13, 14, 15, 18, 21, 22, 24, 25, 

27, 33, 34, 38, 89, 40, 43. 
3, 4, 6, 7, 8, 12, 13, 15, 17, 20, 21, 23, 

24, 25, 27, 28, 29, 80, 82, 33, 84, 38, 

40, 42, 43, 45. 
1,16. 
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